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PREFACE. 


At  the  request  of  Mrs.  J.  Lawrence  Smith  I  have  collected  into 
one  volume  the  more  important  contributions  to  science  of  the  late 
Professor  J.  Lawrence  Smith.  In  1873  Prof.  Smith  issued  a  volume 
entitled  **  Scientific  Researches,"  which  contained  the  more  impor- 
tant of  his  scientific  papers  published  up  to  that  date.  I  have 
republished  this  volume  entire,  adding  to  it  most  of  his  scientific 
papers  published  in  various  journals  since  that  date.  The  articles 
have  been  arranged  chronologically,  except  in  a  few  cases,  when 
there  were  two  or  more  articles  on  the  same  or  kindred  topics,  when 
they  were  grouped  together.  References  to  place  of  original  pub- 
lication are  given  and  an  index  has  been  added.  All  the  articles  on 
meteorites  are  grouped  together  and  constitute  a  separate  and  im- 
portant portion  of  the  volume.  The  list  of  Rcientific  papers  pub- 
.lished  by  Prof.  J.  Lawrence  Smith  embraces  145  separate  titles, 
many  of  which  are  not  included  in  this  volume.  All  papers  pub- 
lished prior  to  1873,  not  included  in  the  volume  of  **  Scientific 
Researches,"  have  been  omitted ;  of  the  papers  published  since  1873, 
a  number  of  which  were  reprints  from  Prof.  Smith's  Reports  on  the 
Paris  and  Vienna  Expositions,  have  also  been  omitted  ;  also  a  few 
which  appeared  in  French  and  did  not  differ  materially  from  articles 
published  in  English.  A  few  articles,  which  were  published  in 
French  only,  are  republished  in  that  language.  This  volume  repre- 
sents strictly  original  investigations.  The  subject-matter  of  the 
original  articles  has  not  been  changed,  except  to  correct  palpable 
errors. 

My  thanks  are  due  Prof.  B.  Silliman  for  material  assistance  in 
the  preparation  of  this  volume. 

This  volume  is  intended  as  a  memorial  volume  for  presentation 
to  the  scientific  friends  of  Prof.  J.  Lawrence  Smith.  By  request 
of  Mrs.  Smith  the  brief  biographical  sketches  prepared  by  the 
editor,  Dr.  Michel,  and  Prof.  Silliman,  are  inserted  in  the  order  in 
which  they  were  originally  published. 

J.  B.  MARVIN. 

LoiTisviLLE,  Dec.  15,  1884. 


Digitized  by 


Google 


Digitized  by 


Google 


CONTENTS. 


PAGE. 

Biographical  Sketch  of  Prof.  Smith ix 

Chromate  of  Potash,  a  Re-agent  for  Baryta  Salts 1 

Composition  and  Products  of  Distillation  of  Spermaceti 8 

Calcarimeter — An  Instrument  for  estimating  the  quantity  of  Carbonate  of 

Lime  in  Calcareous  Substances 28 

Action  of  Potash  on  Cholesterine 28 

Neutral  Alkaline  Phosphates ;  Action  on  Carbonate  of  Lime 32 

Action  of  some  of  the  Alkaline  Salts  upon  the  Sulphate  of  Lead 36 

Oxide  of  Cobalt  and  Magnesian  Opal 89 

Marl  from  Ashley  River,  S.  C 41 

Source  of  Fluorine  in  Fossil  Bones 44 

Chrome  and  Meerschaum  of  Asia  Minor   47 

Two  New  Minerals — Liebigite  and  Medjidite 49 

Thermal  Waters  of  Asia  Minor 58 

Memoir  on  Emery 75 

Emery  Mine  of  Chester,  Mass Ill 

Inverted  Microscope 128 

Action  of  Nitric  and  Oxalic  Acids  on  the  Chlorides  of  the  Alkalies  ...  .138 

Re-examination  of  American  Minerals 136 

Columbio-acid  Minerals  from  New  Localities 198 

Freezing  Water  by  the  Air-pump 206 

Warwickite 207,  801 

Determination  of  Alkalies  in  Minerals   208 

Minerals  of  Chili 229 

Dupont's  Artesian  Well  at  Louisville,  Ky 261 

Bisulphate  of  Soda;  a  Substitute  in  Analysis  for  the  Bisulphate  of  Potash  .267 

Tetrahedrite,  Tennantite,  and  Nacrite,  Kellogg  Mines,  Ark 269 

Lesleyite  of  Chester,  Penn 272 

Remarks  on  the  Alkalies  in  Leucite 274 

Flame-Heat  in  the  Chemical  Laboratory 276 

Determination  of  the  Alkalies  in  Silicates 280 

Notes  on  Corundum  of  North  Carolina,  Georgia,  and  Montana 289 

Conversion  of  the  Sulphates  of  the  Alkalies  into  Carbonates,  etc 296 

Removal  of  Sal  Ammoniac  in  Analysis 299 

Curious  Association  of  Garnet,  Idocrase,  and  Datolite 304 

Preparation  of  Pure  Carbonate  Soda,  etc, 306 

Laboratory  Notes  —Limit  of  Weighing,  etc 310 

A  New  Form  of  Compensating  Pendulum 314 


Digitized  by 


Google 


VI  CONTENTS. 

FAQK. 

Fuits  de  Gaz  en  Pensylvanie 816 

Tantalite  from  Coosa  Co.,  Ala 820 

lie  Mosandrum ;  Un  Nouvel  Ill6ment 822 

Nature  of  the  Oxide  of  Mosandrum  825 

Note  au  Sujet  de  Ti^Ument  Appel^  Mosandrum 884 

Un  Remarquable  Specimen  de  Siliciure  de  Fer 880 

Des  Cristaux  Extraits  de  la  Font  de  Fer  par  L'  Ether  ou  le  Fetrole 888 

Figures  de  Widmannstsetten  sur  le  Fer  Artificiel 840 

Hiddenite — An  Emerald-green  Spodumene 842 

Determination  of  Phosphorus  in  Iron 845 

Methods  of  Analyzing  Samarskite 850 

Memoir  on  Meteorites ;  Five  New  Meteorites ;  Composition  and  Origin 

of  Meteorites 867 

Harrison  County,  Ind.,  Meteorites 405 

Description  of  Three  New  Meteorites;   Nelson  County,  Ky.,  Marshall 

County,  Ky.,  Madison  County,  N.  C 409 

Guernsey  County,  Ohio,  Meteorites 411 

Three  New  Meteorites,  Lincoln  County,  Tenn.,  Oldham  County,  Ky., 

Robertson  County,  Tenn 426 

Bishopville  Meteoric  Stone 429 

"Wayne  County,  Ohio,  Meteorite,  and  a  New  Atacama,  Chili,  Meteorite,  481 

Newton  County,  Ark.,  Meteorite 484 

Colorado  Meteoric  Irons 488 

Coahuila,  Mexico,  Meteorites 441 

Wisconsin  Meteorites 444 

Franklin  County,  Ky.,  Meteoric  Iron,  and  the  Presence  of  Cobalt  and 

Lead  in  Meteoric  Irons .446 

Stewart  County,  Ga.,  Meteorite 462 

Danville,  Ala..  Meteorite,  458 

Searsmont,  Maine,  Meteorite 462 

Meteoric  Irons  of  North  Mexico 464 

Victoria  Meteoric  Iron,  with  Remarks  on  Chladnite  or  Enstatite. 469 

Meteoric  Iron  of  Howard  County,  Ind 478 

Nash  County,  N.  C,  Meteorite 478 

Singular  Anomaly  of  Sesquioxide  of  Iron  Prepared  from  Meteoric  Iron,  480 

Passage  of  two  Bolides  over  Kentucky,  in  1872  and  1874 487 

Passage  of  a  Bolide  over  Kentucky,  January  81,  1876 491 

Dickson  County,  Tenn.,  Meteoric  Iron    492 

Solid  Carbon  Compounds  in  Meteorites 496 

Aragonite  on  the  Surface  of  a  Meteoric  Iron;  A  New  Mineral  (Daubr^- 

elite)  in  the  interior  of  the  same 515 

A  New  Meteoric  Stone  that  fell  March  25,  1865,  in  Wisconsin,  Identical 

with  the  Meno  Meteorite 619 

The  Waconda,  Kansas,  Meteorite,  Bates  County,  Mo.,  Meteoric  Iron,  and 

the  Rockingham  County,  N.  C,  Meteoric  Iron 528 


Digitized  by 


Google 


CONTENTS.  Vll 

FAQE. 
A  Description  of  the  Rochester,  Ind.,  Warrington  Mo.,  and  Cynthiana, 

Ky.,  Meteoric  Stones 528 

On  the  Composition  of  Daubr^elite 540 

Memoire  sur  le  Fer  Natif  du  Groenland,  et  sur  la  Dol6rite  qui  le  renferme,  544 

Emmet  County,  Iowa,  Meteorite 586 

A  New  Meteoric  Mineral — Peckhamite 592 

Chromite  in  the  Interior  of  a  compact  iMeteoric  Iron  from  Coahuila 596 

Anomalie  Magnetique  du  fer  Meteorique  de  Sainte-Catherine 597 

On  Peculiar  Concretions  in  Meteoric  Irons 599 

Catalogue  of  Meteorites 607 

List  of  Scientific  Publications 612 


Digitized  by 


Google 


Digitized  by 


Google 


A  BIOGRAPHICAL  SKETCH  OF  PROFESSOR 
J.  LAWRENCE  SMITH  * 

BY  J.  B.  MARVIN,  M.  D. 

J.  Lawrence  Smith  was  born  near  Charleston,  S.  C. ,  December 
17,  1818.  At  an  early  age  he  manifested  great  taste  for  mathe- 
matics; when  four  years  old  he  could  do  sums  in  addition  and  mul- 
tiplication with  great  rapidity.  This  was  some  time  before  he  could 
read.  At  eight  years  of  age  he  was  prepared  for  the  study  of 
algebra,  and  at  thirteen  years  was  studying  calculus.  His  knowl- 
edge and  taste  for  mathematics  continued  throughout  life.  He 
pursued  his  studies  in  the  best  private  schools  of  Charleston ;  after- 
ward he  was  sent  to  the  University  of  Virginia,  where  he  enjoyed 
facilities  for  the  indulgence  of  his  taste  for  mathematics.  In  the 
latter  part  of  his  academic  career  he  devoted  himself  to  the  higher 
branches  of  physics,  mixed  mathematics,  and  chemistry,  studying 
the  latter  rather  as  a  recreation.  He  selected  civil  engineering  as 
a  profession,  and  after  devoting  two  years  to  the  study  of  its  var- 
ious branches  in  connection  with  geology  and  mining  engineering, 
he  was  employed  as  an  assistant  engineer  on  the  railroad  projected 
at  that  time  between  Cincinnati  and  Charleston.  This  pursuit  not 
proving  congenial  with  his  scientific  tastes,  he  determined  to  study 
medicine.  After  studying  three  years,  he  was  graduated  Doctor 
in  Medicine  by  the  Charleston  Medical  College,  an  institution  pos- 
sessing at  that  time  a  corps  of  distinguished  medical  teachers.  Dr. 
Smith  then  went  to  Europe,  where  he  devoted  three  more  years  to 
the  study  of  medicine.  .  During  all  this  time  he  continued  his  de- 
votion to  those  departments  which  first  enlisted  his  scientific  affec- 
tions. He  studied  physiology  under  Flourens  and  Longet ;  chem- 
istry under  Orfila,  Dumas,  and  Liebig;  physics  under  Pouillet, 
Desprez,  and  Becquerel;   mineralogy  and  geology  under  Elie  de 

•  Prepared  by  request  for  the  American  Academy  of  Arts  and  Sciences 
of  Boston,  Feb.  1884.    Printed  by  John  P.  Morton  &  Co.,  Louisville,  Ky.,  1884. 
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Beaumont  and  Dufrenoy.  While  in  Europe  Dr.  Smith  prosecuted 
original  researches  on  certain  fatty  bodies.  His  paper  on  Sperma- 
ceti, in  1843,  at  once  stamped  him  as  an  experimental  inquirer. 
On  his  return  to  Charleston  in  1844,  he  commenced  the  practice  of 
medicine  and  delivered  a  course  of  lectures  on  toxicology  before 
the  students  of  the  Charleston  Medical  College.  He  established 
the  Charleston  Medical  and  Surgical  Journal,  which  proved  a 
success. 

But  the  State  needing  his  services  as  assayer  of  the  bullion 
that  came  into  commerce  from  the  gold-fields  of  Georgia,  North 
and  South  Carolina,  he  accepted  this  duty  and  relinquished  the 
practice  of  medicine.  He  also  gave  a  great  deal  of  attention  to 
agricultural  chemistry.  The  great  beds  of  marl  on  which  the  city 
of  Charleston  stands  early  attracted  his  attention.  He  first  pointed 
out  the  large  amount  of  phosphate  of  lime  in  these  marls,  and  was 
one  of  the  first  to  ascertain  the  scientific  character  of  this  immense 
agricultural  wealth.  Dr.  Smith  also  made  a  valuable  and  thorough 
investigation  into  meteorological  conditions,  character  of  soils,  and 
culture  affecting  the  growth  of  cotton.  His  report  on  this  subject 
was  so  valuable  that  in  1846  he  was  appointed  by  Secretary  Bu- 
chanan, in  response  to  a  request  of  the  Sultan  of  Turkey,  to  teach 
the  Turkish  agriculturalists  the  proper  method  of  cotton  culture  in 
Asia  Minor.  On  arriving  in  Turkey,  Dr.  Smith  was  chagrined  to 
find  that  an  associate  on  the  commission  had  induced  the  Turkish 
Government  to  undertake  the  culture  of  cotton  near  Constanti- 
nople. Unwilling  to  associate  his  name  with  an  enterprise  which 
he  felt  satisfied  would  be  a  failure — the  event  justified  his  judg- 
ment— he  was  on  the  eve  of  returning  to  America,  when  the  Turk- 
ish Government  tendered  him  an  independent  position  as  mining 
engineer,  with  most  liberal  provisions.  He  performed  the  duties 
of  this  position  for  four  years  with  such  signal  success  that  the 
Turkish  Government  heaped  upon  him  decorations  and  costly 
presents.  Since  1846  the  Turkish  Government  has  continued  to 
receive  large  revenues  from  his  discoveries  of  emery,  chrome  ores, 
coals,  etci  His  papers  on  these  subjects,  read  before  learned 
societies  and  published  in  the  principal  journals  of  Europe  and 
America,  gave  him  a  high  position  among  scientific  men.  His 
discovery  of  emery  in  Asia  Minor  destroyed  the  rapacious  monop- 
oly of  this  article  at  Naxos,  in  the  Grecian  Archipelago,  extended 
its  use  and  greatly  reduced  its  price.    His  studies  on  emery  and  its 
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associate  minerals  led  directly  to  its  discovery  in  America.  In 
Massachusetts  and  North  Carolina  a  large  industrial  product  of 
emery  is  now  carried  on.  To  Dr.  Smith  justly  belongs  the  credit 
of  having  done  almost  every  thing  for  these  commercial  enterprises 
by  his  successful  researches  on  emery  and  corundum. 

Dr.  Smith  investigated  a  great  many  Turkish  resources.  His 
paper  on  the  **  Thermal  Waters  of  Asia  Minor"  is  of  great  scien- 
tific value.  In  1850  Dr.  Smith  invented  the  Inverted  Microscope. 
This  instrument,  with  his  ingenious  eye-piece  micrometer  and  gon- 
iometer, is  an  important  improvement ;  it  is  especially  valuable  in 
chemical  work  and  culture  experiments.  This  instrument  has  been 
unjustly  figured  and  described  in  some  works  as  Nachet's  Chemical 
Microscope. 

After  Dr.  Smith's  return  to  America,  his  Alma  Mater,  the  Uni- 
versity of  Virginia,  called  him  to  the  chair  of  chemistry  made 
vacant  by  the  resignation  of  Professor  Rogers,  in  1852.  While 
discharging  the  duties  of  his  chair,  he,  in  connection  with  his  assis- 
tant, George  J.  Brush,  performed  the  valuable  and  much  needed 
work  of  revising  the  Chemistry  of  American  Minerals.  Having 
married  a  daughter  of  Hon.  James  Guthrie?,  of  Louisville,  Ken- 
tucky, Prof  Smith  resigned  his  chair  in  the  University  of  Virginia, 
and  adopted  Louisville  as  his  home.  In  1854  he  was  elected  to  the ' 
chair  of  chemistry  in  the  Medical  Department  of  the  University 
of  Louisville,  made  vacant  by  the  resignation  of  Prof.  B.  Sillinian. 
He  filled  this  chair  with  signal  success  for  several  years,  finally 
resigning  it,  devoting  his  time  to  scientific  research.  For  a  number 
of  years  he  was  president  of  and  had  scientific  charge  of  the 
Louisville  Gas  Works. 

Prof.  Smith  had  a  private  laboratory,  which  was  one  of  the 
most  complete  and  best  equipped  laboratories  in  this  country.  ■  In 
1855  he  published  a  valuable  Memoir  on  Meteorites.  Since  that 
time  he  has  given  special  Attention  to  these  bodies.  His  private 
collection  of  meteorites  was  one  of  the  largest  in  the  world,  and 
he  was  regarded  as  one  of  the  highest  authorities  on  this  subject. 
Prof.  Smith  was  one  of  the  commissioners  of  the  United  States  to 
the  Paris  Exposition  of  1867,  and  to  the  Vienna  Exposition  in 
1873.  His  report  on  **The  Progress  and  Condition  of  Several 
Departments  of  Industrial  Chemistry"  was  well  nigh  exhaustive. 

In  1873  he  issued  an  interesting  work  containing  the  more  im- 
portant of  his  scientific  researches.     Since  this  volume  was  pub- 
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lished  he  has  contributed  a  large  number  of  valuable  papers  to 
various  scientific  journals.  Prof.  Smith  was  very  ingenious  in  de- 
vising new  apparatus  and  methods  of  analysis.  While  much  of 
his  work  was  of  a  practical  kind,  he  yet  preferred  original  research 
in  the  less  cultivated  field.  Of  late  years  he  was  especially  inter- 
ested in  the  rare  elements,  and  while  studying  samarskite  he  dis- 
covered what  he  thought  to  be  a  new  element  which  lie  named 
Mosandrum.  In  1878  he  published  an  account  of  his  researches 
on  this  subject,  which  attracted  much  attention  among  scientists. 

In  1879  he  was  elected  Corresponding  Member  of  the  Academy 
of  Sciences  of  the  Institute  of  France,  to  succeed  Sir  Charles 
Lyell.  Prof.  Smith  received  honors  from  the  principal  scientific 
bodies  of  the  world.  He  was  a  member  of  the  following  societies : 
The  American  National  Academy  of  Sciences;  Membre  Corre- 
spondant  de  Flnstitut  de  France  (Academic  des  Sciences);  The 
chemical  Society  of  Berlin  ;  of  the  Chemical  Society  of  Paris ;  of 
the  Chemical  Society  of  London  ;  of  the  Societe  d' Encouragement 
pour  r  Industrie  Nationale ;  of  the  Imperial  Mineralogical  Society 
of  St.  Petersburg ;  American  Association  for  the  Advancement  of 
Science;  British  Association  for  the  Advancement  of  Science; 
Polytechnic  Society  of  Kentucky ;  Corresponding  Member  of  the 
'  Boston  Society  of  Natural  History  ;  of  the  American  Academy  of 
Arts  and  Sciences ;  of  the  American  Philosophical  Society  ;  Amer- 
ican Bureau  of  Mines;  The  Societe  des  Sciences  et  des  Arts  de 
Hainaut;  Royal  Society  of  Gottingen;  Chevalier  de  la  Legion 
d'  Honneur ;  Member  of  the  Order  of  Nichan  Ifbahar  of  Turkey ; 
Member  of  the  Order  of  Medjidiah  of  Turkey ;  Chevalier  of  the 
Imperial  Order  of  St.  Stanislas,  of  Russia. 

In  1874  he  was  President  of  the  American  Association  for  the 
Advancement  of  Science. 

Prof.  Smith  was  a  most  indefatigable  worker ;  his  more  impor- 
tant original  researches  number  nearly  one  hundred  and  fifty, 
besides  numerous  addresses,  lectures,  and  communications  to  sec- 
ular and  scientific  papers  on  various  scientific  subjects.  In  1881, 
on  account  of  failing  health,  he  ceased  active  work  in  the  labora- 
tory; but  his  zest  for  science  was  not  dulled.  As  late  as  June, 
1883,  he  published  two  valuable  papers,  namely,  **  Methods  of 
Analyzing  Samarskite,"  and  **  Peculiar  Concretions  occurring  in 
Meteoric  Iron."  Much  of  his  work  of  late  was  not  left  in  a  suit- 
able condition  for  publication,  and  unfortunately  will  be  lost  to  the 
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scientific  world.  For  two  or  three  years  Prof.  Smith  had  been  in 
declining  health  from  a  chronic  affection  of  the  liver ;  he  was  sel- 
dom confined  to  his  house.  On  the  first  of  August,  1883,  a  severe 
attack  of  his  disease  compelled  him  to  go  to  bed.  After  an  illness 
of  more  than  two  months,  characterized  by  the  most  patient,  un- 
complaining endurance,  he  peacefiilly  and  painlessly  passed  away, 
Friday,  October  12,  1883,  at  three  p.  m.  In  accordance  with  his 
request,  no  eulogy  was  pronounced,  but  with  a  simple  burial  ser- 
vice his  body  was  placed  in  the  "  City  of  the  Dead." 

Prof.  Smith  was  of  imposing  presence  and  great  dignity,  strong, 
manly,  self-reliant,  pure-hearted,  withal  one  of  the  most  modest, 
unostentatious  of  men ;  a  simple,  genial  Christian  gentleman.  To 
those  who  knew  him,  or  ever  felt  the  charm  of  his  presence,  he  was 
scarcely  less  endeared  by  his  genial  virtues  than  admired  for  his 
great  powers.  In  him  were  united  great  talents  and  profound 
knowledge,  with  such  graces  of  character  as  modest  unselfishness 
and  the  most  spotless  integrity.  His  hospitality  was  unbounded  ; 
his  love  for  children  great;  his  courtesy  and  gallantry  to  ladies 
partook  of  the  chivalry  of  former  ages.  He  was  most  generous 
with  his  apparatus,  and  any  one  manifesting  an  interest  in  science 
was  sure  of  help  and  encouragement  from  him.  For  many  years 
he  was  a  consistent  member  of  the  Walnut  Street  Baptist  Church. 
He  was  active  in  every  benevolent  and  charitable  work.  His 
charity  knew  no  sect  nor  creed,  but  his  ear  and  purse  were  open  to 
all  real  suffering.  He  founded  and  largely  endowed  the  Baptists' 
Orphan  Home  of  Louisville,  thereby  erecting  a  monument  more 
noble  and  enduring  than  marble  or  brass. 

Prof.  Smith  said,  **  Life  has  been  very  sweet  to  me.  It  com- 
forts me.  How  I  pity  those  to  whom  memory  brings  no  pleasure." 
He  had  **  set  his  house  in  order,"  saying  he  knew  it  would  be  but 
a  short  time  before  death  would  claim  him ;  but  he  was  ready  to 
go  at  any  hour  or  day.  He  leaves  the  memory  of  a  pure  life  and 
a  heart  full  of  **  exercised  humanity." 
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BY  MIDDLETON  MICHEL,  M.  D. 

The  biography  of  a  great  scientist,  whose  years  have  been 
wedded  to  certain  departments  in  the  commonwealth  of  knowl- 
edge, is  but  the  record  of  empirical  researches,  discoveries,  and 
inventions  realized  in  the  quiet  retirement  of  the  laboratory  di- 
vorced from  the  exciting  events  of  the  historic  period  by  which 
he  may  have  been  surrounded. 

This  was  particularly  the  case  with  Professor  J.  Lawrence 
Smith,  whose  devotion  to  his  profession  of  chemistry,  geology, 
and  mineralogy  excluded  active  participancy  in  the  memorable 
incidents  through  which  he  passed.  In  the  peaceful  paths  of- 
science  he  continued  to  prosecute  his  favorite  studies  with  the 
earnest  and  sublime  devotion  that  have  earned  for  him  the  high- 
est honors  his  own  and  European  countries  could  bestow,  and 
have  constituted  him  one  of  America's  most  distinguished  savants. 

Dr.  J.  Lawrence  Smith  was  born  December  17,  1818.  He 
pursued  his  initiatory  studies  under  the  best  instructors,  and  we 
learn  that  such  was  his  predilection  for  and  proficiency  in  mathe- 
matics that,  before  he  could  read,  and  indeed  when  only  four 
years  old,  he  added  and  multiplied  figures  with  singular  rapid- 
ity, was  in  algebra  at  eight,  and  at  the  age  of  thirteen  was 
already  engaged  in  the  study  of  calculus.  This  asserted  famil- 
iarity with  the  highest  branches  of  mathematics  inducted  him 
into  the  study  of  natural  philosophy,  chemistry,  and  the  allied 
branches,  in  all  of  which  he  soon  became  conspicuous  at  the 
Charleston  College,  and  subsequently  at  the  University  of  Vir- 
ginia. 

Civil  engineering  was  at  first  the  profession  of  his  choice,  in 
which  he  was  actively  engaged  as  assistant  engineer  during  the 

♦From  Year  Book,  City  of  Charleston,  S.  C,  1883:  The  News  and  Cour- 
ier Book  Presses.    1884. 
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contemplated  project  of  the  railroad  between  Cincinnati  and  Char- 
leston ;  but,  abandoning  this  pursuit  for  the  study  of  medicine, 
he  soon  entered  the  office  of  Drs.  Holbrook  and  Ogier  in  this 
city.  It  was  during  this  period  that  a  singular  interposition  of 
Providence  rescued  a  life  which  would  have  been  otherwise  too 
soon  lost  to  science.  While  on  his  way  to  a  suburban  farm  near 
this  city,  in  a  vehicle  with  Dr.  Ogier  and  Mr.  Grayson,  the  horses 
took  fright,  the  vehicle  was  dashed  to  pieces,  Dr.  Ogier  was  thrown 
and  had  his  leg  broken,  and  Smith  was  dragged  a  considerable 
distance  with  one  leg  engaged  within  the  fifth  wheel,  until  the 
shock  of  a  collision  of  the  carriage  against  a  tree  disentangled 
his  limb,  thus  saving  miraculously  both  limb  and  life.  Merci- 
fully preserved  for  a  life  of  usefulness  and  laborious  original 
research,  Smith  became  unremittingly  engaged  in  his  medical 
studies.  He  followed  three  courses  of  lectures  at  the  Medical 
College  of  the  State  of  South  Carolina,  from  which  institution 
he  was  graduated  in  March,  1839;  after  which  he  visited  Paris 
in  the  early  part  of  1840.  Here  he  devoted  himself  more  par- 
ticularly to  his  favorite  studies  of  chemistry  and  physics,  and 
subsequently  went  to  Giessen,  where  for  more  than  a  year  he 
remained  as  the  favorite  pupil  of  Liebig,  in  whose  laboratory  he 
worked  as  assiduously  as  he  had  done  previously  with  Pelouz 
in  Paris. 

It  was  in  Paris,  in  the  year  1842,  that  I  became  acquainted 
with  Dr.  Smith,  and  enjoyed  the  advantages  of  daily  and  hourly 
association  with  one  whose  friendship  and  affection  have  ever 
since  served  to  endear  him  to  me.  It  was  here  I  learned  to 
appreciate  the  admirable  traits  of  character  he  exhibited,  har- 
moniously blended  with  exceptional  devotion  to  scientific  pur- 
suits, and  would  bear  attestation  to  the  purity  of  his  character 
and  generosity  of  his  nature.  Consecrated  from  boyhood  appar- 
ently to  scientific  thought,  his  only  obvious  aim  was  an  earnest 
and  determined  search  after  truth  under  the  impulses  of  a  genius 
that  knew  no  rest,  and  that  would  not,  if  it  could,  evade  its 
destiny.  Who  would  suppose  a  young  man,  scarce  emancipated 
from  the  hoidenish  period  of  youth,  could  be  so  engrossed  in  the 
fascinations  of  his  daily  studies  and  pursuits  that  he  should  walk 
for  hours  of  an  evening  the  thoroughfares  and  by-ways,  boule- 
vards and  gardens  of  a  metropolis  like  Paris — that  center  of 
fitshion  and  vortex  of  dissipation — in  such  oblivious  forgetfulness 
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of  all  his  surroundings  as  was  expressed  in  discussions  how  to 
expound  some  intricate  point  of  science,  or  which  was  the  better 
way,  perhaps,  of  demonstrating  a  certain  problem  in  Euclid ;  yet, 
the  frequent  recurrence  of  such  profitable  though  abstruse  de- 
bates plainly  declared  that  his  mental  affluence  was  ever  deeply 
plunged  within  the  mazes  of  science,  and  that  his  was  an  intelli- 
gence so  consecrated  by  nature  to  the  absolute  realization  of  a 
plan  and  purpose  that  ultimate  fame  seemed  already  as  insured 
as  his  knowledge  was  fixed  and  profound.  It  was  this  early  and 
almost  sacred  devotion  to  a  mission  which  won  the  admiration  of 
an  Orfila  and  the  commendation  of  a  Liebig  I 

I  can  here  recall  my  first  visit  to  him  on  reaching  Paris, 
April,  1842,  when  I  found  him  immersed  in  toxicological  experi- 
ments on  animals  which  he  had  poisoned  with  arsenic  and  had 
disinterred  at  various  periods  after  death,  with  the  view  of  search- 
ing for  evidences  of  the  drug  within  the  tissues,  which  researches 
led  to  the  publication  of  his  papers  on  arsenic  in  Silliman's  Jour- 
nal at  the  time  that  Orfila's  experiments  on  the  same  subject 
were  exciting  such  attention  in  the  Parisian  minds  in  the  mem- 
orable case  of  Madam  Lafarge's  trial  for  the  poisoning  of  her 
husband. 

It  was  also  at  this  period,  1842,  that  he  undertook,  at  the 
suggestion  of  Professor  Liebig,  to  examine  the  products  afforded 
by  the  distillation  of  spermaceti,  dissatisfied  as  he  was  by  the  un- 
determined nature  of  this  part  of  Chevreurs  researches  upon  the 
fats.  His  publication  on  this  subject  added  greatly  to  his  repu- 
tation as  an  experimental  inquirer.  With  a  reputation  already 
established  in  both  continents  he  returned  to  his  native  home  in 
1844,  and  was  invited  to  deliver  a  course  of  lectures  on  toxi- 
cology at  the  Medical  College  of  this  city,  and  shortly  after  he 
accepted  the  office  tendered  him  of  Assay er  of  the  State  of  South 
Carolina,  in  the  discharge  of  which  office  he  soon  discovered  the 
commercial  value  of  the  extensive  marl  beds  of  Carolina,  con- 
cerning which  he  published  an  important  report. 

Though  he  never  actively  engaged  in  the  practice  of  med- 
icine, such  was  his  interest  in  the  progress  of  his  profession  that 
he  established  the  Charleston  Medical  and  Surgical  Journal,  con- 
jointly with  Dr.  Seaman  Sinclair,  in  1846.  With  the  exception 
of  a  similar  effort  made  as  early  as  1820,  when  Dr.  Thomas  Y. 
Simons  and  Dr.  William  Michel  edited  the  first  medical  journal 
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ever  published  in  the  South,  the  fulfillment  again  of  such  an 
enterprise  in  the  hands  of  Dr.  Smith  successfully  developed  the 
literary  resources  of  this  section,  in  centralizing  in  his  journal  for 
many  years  the  authorial  ability  of  the  South  at  a  time  when, 
it  must  be  conceded,  we  were  fairly  and  impressively  convinced 
of  deficiency  in  this  department,  in  which  we  were  not  simply 
behind  our  Northern  brethren,  but,  what  was  yet  more  regret- 
table, were  literally  considered  as  kors  de  covfibatl  His  work  in 
the  direction  of  agricultural  chemistry,  particularly  so  far  as  the 
growth  of  cotton  was  concerned,  attracted  the  attention  of  the 
Turkish  Government,  who  solicited  the  aid  of  America  in  this 
connection.  Mr.  Buchanan  approached  Professor  Smith  upon  the 
subject  through  Mr.  Elmore,  and  he  finally  accepted  the  appoint- 
ment tendered  him  by  the  President  of  the  United  States.  In 
1847  he  left  his  home  once  more  to  counsel,  advise,  and  direct 
in  the  cultivation  of  cotton  in  Asia  Minor.  He  no  sooner  be- 
came fully  engaged  in  the  important  official  work  of  mining  engi- 
neering, an  office  which  the  Sultan  created  for  him,  as  an  induce- 
ment for  him  to  remain  in  Turkey,  than  he  made  the  discovery 
of  certain  coal  mines,  chrome  ores,  and  more  especially  those 
of  emery,  which,  in  the  interest  of  that  country,  secured  his 
operations  for  a  series  of  four  yiears.  The  publication  of  an 
elaborate  monograph  on  emery  excited  great  attention  every 
where  it  appeared.  Dr.  J.  B.  Marvin,  in  his  eloquent  tribute 
to  the  memory  of  Professor  Smith  presented  to  the  American 
Academy  of  Arts  and  Sciences,  of  Boston,  remarked  :  "  His  dis- 
covery of  emery  in  Asia  Minor  destroyed  the  rapacious  monopoly 
of  this  article  at  Naxos,  in  the  Grecian  Archipelago,  extended 
its  use  and  greatly  reduced  its  price.  His  studies  on  emery  and 
its  associate  minerals  led  directly  to  its  discovery  in  America.  In 
Massachusetts  and  North  Carolina  a  large  industrial  product  of 
emery  is  now  carried  on.  To  Dr.|  Smith  belongs  the  credit  of 
having  done  almost  every  thing  for  these  commercial  enterprises 
by  his  successful  researches  on  emery  and  corundum."  We  must 
record  the  discovery  of  two  new  minerals  which  he  found  asso- 
ciated with  a  specimen-  of  pitchblende  in  the  neighborhood  of 
Adrianople,  Turkey,  which  he  respectively  called  medjidite  and 
UdngUCf  in  honor  of  the  then  reigning  Sultan,  Abdul  - Medjid, 
and  of  his  distinguished  friend  Liebig,  of  Giessen.  I  also  re- 
member his  telling  me  of  the  astounding  and  amusing  effect  he 
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produced  upon  the  Turks  when  he  struck  the  oxycalcium  light  in 
the  dome  of  the  Mosque  of  Constantinople,  as  it  spread  the  bright 
effulgence  of  day  over  the  Capital,  when  they  imagined  it  must 
be  some  extraordinary  luminary  of  the  nocturnal  skies!  In  his 
travels  in  Western  Asia  Minor  he  provided  himself  with  proper 
appliances  for  safely  transporting  to  his  laboratory,  from  twenty 
distinct  localities,  specimens  of  those  thermal  waters  which  were 
held  in  such  high  estimation  by  the  ancient  Romans  and  Greeks 
for  supplying  their  baths,  but  which  never  had  been  examined. 
The  result  of  these  researches  which  he  made  have  greatly  en- 
hanced their  value  from  a  scientific  stand-point.  Such  was  the 
impression  of  these  labors  upon  the  Turkish  Government,  and  the 
large  revenues  it  received  from  his  discoveries,  that  he  was  dec- 
orated by  the  Sultan  and  loaded  with  valuable  presents. 

He  returned  to  Charleston  in  1850.  We  had  shared  but  a 
few  months  the  pleasure  which  his  return  to  his  own  people  had 
inspired  when  again,  in  November,  1850,  he  went  to  New  Or- 
leans as  nominal  professor  of  chemistry  in  the  University  of 
Louisiana;  engaged  in  lectures  and  researches  in  that  city  until 
May,  1852,  when  there  occurred  a  vacancy  in  the  chair  of  chemis- 
try in  the  University  of  Virginia,  occasioned  by  the  death  of  Prof. 
Bodgers,  which  transferred  him  to  that  position,  by  invitation,  in 
in  his  Alma  Mater.  In  1854  the  resignation  of  Prof.  B.  Silliman 
from  the  Medical  Department  of  the  University  of  Louisville  in- 
duced those  who  had  the  interests  of  this  institution  at  heart 
to  tender  him  the  professorship  of  chemistry,  which  he  promptly 
accepted.  Circumstances  influenced  him  in  resigning  after  many 
years  from  these  public  duties,  devoting  himself  to  private  labora- 
tory work  in  an  establishment  of  his  own,  in  which  much  of  his 
most  important  and  heaviest  work  was  accomplished. 

An  exhaustive  memoir  on  meteorites  from  his  pen  at  this 
period  calls  to  mind  one  of  Ijis  most  important  publications,  inas- 
much as  his  large  collection  of  these  extraordinary  bodies  from 
all  parts  of  the  world  gave  great  weight  to  his  opinion,  and 
made  him  a  high  authority  on  this  debatable  subject.  The  spe- 
cial attraction  of.  this  study  to  the  general  reader  invests  with 
intense  interest  the  author's  speculative  inquiries  into  the  origin 
and  history  of  meteorites;  and  one  peruses  with  fascinated  ab- 
straction the  comprehensive  analyses  by  which  he  rejects  the 
cosmical  and  interplanetary  theories  on  the  one  hand,  while  en- 
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forcing  chemical,  mathematical,  and  astronomical  arguments  for 
the  adoption  of  his  more  eligible  view  of  the  selenic  origin  of 
these  aerolites  with  masterly  authority.  Another  paper  on  arte- 
sian wells,  their  nature  and  origin,  chemical  and  medicinal  prop- 
erties of  their  waters,  was  also  suggested  and  published  at  this 
time  in  connection  with  an  instructive  account  of  the  Dupont's 
artesian  well  in  Louisville,  Kentucky.  This  was  again  issued  in 
pamphlet  form  in  1859. 

Had  Prof.  Smith's  researches  been  confined  solely  to  the  de- 
partment of  mineralogy,  his  reputation  would  nevertheless  have 
been  equally  great.  Besides  his  individual  contributions  to  this 
branch  of  science,  he  was  also  engaged  while  in  Virginia  in  a  re- 
examination of  American  minerals,  and  in  preparing  an  elabo- 
rate analytic  report  on  the  subject.  It  has  been  conjectured  that 
his  discovery  of  a  new  element,  which  he  named  mosandrum, 
contributed,  with  his  previous  and  subsequent  labors,  in  securing 
that  remarkable  vote  which  placed  him  among  the  members  of 
the  Institute  of  France. 

His  creative  genius  was  signally  exemplified  in  numerous  in- 
ventions, of  which  we  must  mention  his  inverted  microscope,  with 
which  re^agents  may  be  safely  used  upon  the  stage  without  dan- 
ger to  the  objectives,  since  by  the  use  of  a  prism  in  the  cylin- 
der of  the  instrument  the  image  of  the  object  is  obtained  from 
beneath  the  slide.  Queckett  acknowledges  the  worth  of  this 
instrument  to  the  chemist  particularly.  His  calcarimeter  is  espe- 
cially valuable  from  simplicity  of  construction  and  easy  appli- 
cation ;  since  in  the  hands  of  the  unitiated,  without  even  a  knowl- 
edge of  the  principle  of  the  instrument,  very  accurate  results 
are  easily  obtained  in  first  experiments  upon  calcareous  manures. 
His  eye-piece  micrometer  and  goniometer  are  also  other  inven- 
tions well  known  to  all  microscopists. 

It  must  devolve,  however,  upon  chemists  to  speak  authori- 
tatively concerning  his  many  contributions  to  their  science ;  many, 
though  by  no  means  half,  of  which  were  in  1873  collected  from 
different  periodicals  and  published  in  a  volume  of  great  interest. 
His  labors  in  the  laboratory  and  with  his  pen  secured  the  at- 
tention of  the  scientific  world  at  an  early  period  of  his  life,  as 
we  have  seen;  and  these,  the  sum  of  his  life-work,  have  served 
not  alone  to  place  him  in  the  foremost  rank  among  scientists, 
but  have   distinguished  him  as  the  recipient  of  the  very  high- 
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est  reward  attainable  among  his  contemporaries,  for  at  the  death 
of  Sir  Charles  Lyell  the  vacancy  left  in  the  Institute  of  France 
was  unanimously  filled  by  the  election  of  Professor  Smith  as 
member  of  that  illustrious  body  of  the  world's  scientists.  This 
memorable  event  occurred,  as  every  South  Carolinian  shall  ever 
remember,  in  1879,  an  honor  which  identifies  him  with  Frank- 
lin of  our  own  country.  In  his  own  country  he  was  also  Pres- 
ident of  the  Amercan  Association  for  the  Advancement  of 
Science. 

It  has  not  always  been  given  to  the  learned  to  communicate 
extemporaneously  to  others  what  they  themselves  so  well  under- 
stand; we  should  not,  therefore,  disingenuously  disguise  the  fact 
that  in  his  academic  teachings  he  did  not  probably  realize  in 
the  estimation  of  some  that  success  which  so  extended  a  repu- 
tation would  seem  to  have  implied.  If,  as  Collier  declares,  **  a 
graceful  presence  bespeaks  acceptance,"  his  surely  was  so  attract- 
ive as  at  once  to  rivet  attention  and  prejudice  an  audience  in 
his  favor.  His  prepossessing  appearance,  his  chiseled  features  of 
almost  effeminate  beauty,,  his  light  blue  eyes  and  flaxen  hair,  and 
the  forehead — that  show-board  of  one's  intellectual  ware — stood 
revealed  as  the  pediment  of  a  temple  dedicated  to  science;  but 
the  accuracy  of  his  knowledge,  which  with  him  consisted  only  in 
what  was  demonstrable,  made  his  teachings  apodeictic  and  his 
style  laconic.  His  intellectual  processes  seemed  never  deflected 
for  an  instant  from  their  rectilinear  course,  and  his  utterances 
interpreted  them  without  oratorical  embellishment.  Borrowing 
neither  the  aid  of  imagery,  nor  observant  even  of  chastening 
the  language  of  familiar  discourse,  it  must  be  confessed  that 
when  he  became  enthusiastic  in  his  subject,  in  the  infelicity  of 
extemporaneous  delivery  he  failed  perhaps  as  a  lecturer  in  fixing 
the  attention  of  any  but  of  those  of  a  select  few  who  were  com- 
petent to  penetrate  his  meaning  and  fathom  the  extent  of  his 
inferences. 

His  cheerful  nature  must  have  been  connate  with  the  seduc- 
tive attractions  of  his  daily  occupations.  Dr.  Marvin,  his  family 
physician,  informed  me  that  though  he  had  been  declining  in 
health  from  a  chronic  affection  of  the  liver  for  two  or  three 
years,  yet  he  continued  his  inde&tigable  labors  uncomplainingly. 
Indeed,  we  may  assume  that  there  never  was  time  for  despond- 
ency so  long  as  he  could  wander  through  Nature's  store-house 
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in  wonderment  and  in  love.      He  could  at  all  times  have  ex- 
claimed with  the  laureate  poet : 

"  And  forth  into  the  fields  I  went, 
And  Nature's  living  motion  lent 
The  pulse  of  hope  to  discontent." 

It  is  but  a  few  months  since,  on  the  12th  of  October,  1883, 
at  3  P.M.,  silently,  painlessly,  happily,  because  hopefully,  in  the 
distant  State  of  his  adoption,  the  friend  of  my  youthful  days 
passed  away ;  without  eulogistic  discourse,  at  his  own  request,  in 
modest  self-forgetfulness  of  his  fame,  but  after  the  simple  read- 
ing of  the  service  of  the  dead  when  his  remains  were  taken  to 
their  appointed  resting  place  in  Cave  Hill  Cemetery,  Louisville, 
Ky.,  leaving  us  all  to  mourn  the  death  of  a  renowned  scientist. 

Prof  Smith  married  the  daughter  of  the  Hon.  James  Guthrie, 
of  Louisville,  Ky.;  this  accomplished  lady  survives  him. 
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The  Academy  mourns  the  death  in  the  past  year  of  Alexander, 
Guyot,  Engelmann,  Humphreys,  John  L.  LeConte,  Norton,  and 
Smith. 

The  sad  but  grateful  duty  has  been  assigned  to  the  writer  to 
speak  of  the  life  and  labors  of  Smith,  with  whom  he  had  the  hap- 
piness to  maintain  an  uninterrupted  and  life-long  friendship. 

J.  Lawrence  Smith  was  born  near  the  city  of  Charleston,  South 
Carolina,  December  17,  1818,  where  he  received  the  best  training 
offered  by  the  private  schools  of  that  city.  "  Even  as  a  child  of 
four  years,  and  before  he  could  read,"  says  his  friend.  Dr.  Marvin, 
''he  was  familiar  with  the  operations  of  simple  arithmetic;  at 
eight  he  was  prepared  for  the  study  of  algebra,  and  at  thirteen  was 
studying  the  calculus."  This  mathematical  taste  he  retained 
through  life,  although  circumstances  later  led  him  into  different 
paths.  His  taste  for  physical  phenomena  and  for  scientific  pursuits 
led  him  to  elect  at  the  University  of  Virginia,  where  we  find  him 
before  he  was  yet  seventeen  years  of  age,  the  branches  of  chem- 
istry, natural  philosophy,  and  civil  engineering,  to  which  he  de- 
voted two  years.  Chemistry  he  followed  under  Prof.  John  P. 
Emmet,  natural  philosophy  under  Prof.  William  B.  Rogers,  civil 
engineering  and  mathematics  under  Prof.  Charles  Bonnycadtle. 

By  the  plan  of  study  adopted  at  the  University  of  Virginia  at 
that  time  the  subject  of  civil  engineering  was  divided,  under  eight 
distinct  heads,  between  the  professors  of  mathematics  and  natural 
philosophy,  viz.,  I.  Graphical  mathematics.  II.  Theory  of  level- 
ing and  surveying.  HI.  Theory  of  roads,  railroads,  canals,  and 
bridges.    IV.  Theoretical  mechanics,  hydrostatics,  hydrodynamics. 

*  Prepared  by  appointment  of  the  National  Academy  of  Sciences,  April, 
1884.    Washington,  D.  C.     1884. 
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V.  Laws  of  heat,  steam,  and  steam-engine.  VI.  Geology  and  miner- 
alogy. Vn.  Field  practice  in  surveying.  VIII.  Plan  drawing, 
plotting,  topographical  plans,  etc.  The  six  first  named  were  di- 
vided between  the  chairs  of  physics  and  mathematics. 

Such  were  the  subjects  to  which  Smith  devoted  the  two  years  of 
his  life  at  the  University  of  Virginia,  and  under  the  stimulus  of 
such  teachers  as  Emmet,  Bonnycastle,  and  Rogers  we  can  not  doubt 
that  his  early  preference  for  these  studies  was  deepened  and  con- 
firmed. 

The  writer  now  recalls  the  vivid  impression  made  upon  his  own 
mind  by  a  lecture  which  he  heard  from  Mr.  W.  B.  Rogers,  in  the 
autumn  of  the  year  1836  at  the  University  of  Virginia,  on  the 
Resultant  of  Forces.  It  was  in  that  year  Smith  entered  this  uni- 
versity, and  there  is  no  evidence  that  he  attended  any  of  the  class- 
ical or  literary  courses  of  the  institution.  Whatever  attention  he 
bestowed  on  literary  studies  must  have  been  in  his  preparatory 
schools  in  Charleston. 

The  year  immediately  following  his  residence  at  the  University 
of  Virginia  he  devoted  to  the  duties  of  assistant  engineer  upon  the 
railroad  line  between  Charleston  and  Cincinnati.  This  pursuit 
proved  to  be  uncongenial  to  his  taste,  and  was  abandoned  for  the 
study  of  medicine. 

The  Medical  College  of  the  State  of  South  Carolina  was  at  that 
time  distinguished  by  the  presence  of  a  very  able  body  of  teachers, 
and  here  Smith  took  his  medical  degree  in  1840,  submitting  as  his 
graduation  thesis  an  essay  upon  the  **  Compound  Nature  of  Nitro- 
gen.'** 

The  now  venerable  Prof.  Charles  Upham  Shepard,  who  was 
Smith's  chemical  teacher  at  Charleston  in  his  medical  course,  in 
reply  to  my  inquiry  respecting  Smith's  early  life,  writes  as  follows, 
March  4,  1884 : 

**I  regret  not  being  able  to  furnish  you  with  the  particulars  you 
desire  concerning  the  life  of  Dr.  J.  Lawrence  Smith,  farther  than 
that  he  was  a  diligent  student  of  our  Medical  College,  especially  in 
the  department  of  chemistry,  and  that  on  graduation  he  submitted 
a  very  ingenious  thesis,  entitled  *  The  Compound  Nature  of  Nitrogen.' 

♦A  silver  goblet,  still  in  the  possession  of  Mrs.  Smith,  was  presented  to 
Dr.  Smith  in  honor  of  this  thesis  by  the  Faculty  of  the  Medical  College  of 
the  State  of  South  Carolina,  1840. 
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He  was  known  to  be  very  fond  of  chemistry,  but  I  am  inclined 
to  believe  that  his  time  was  chiefly  devoted  to  other  branches  of 
the  medical  profession,  as  he  was  then  looking  forward  to  the  prac- 
tice of  medicine  in  his  native  city.  I  think  it  possible,  however, 
that  his  taste  for  mineralogy  may  have  been  promoted  at  this  period 
of  his  career. 

"After  finishing  his  studies  in  Europe  and  commencing  practice 
here  he  gave  a  course  of  lectures  on  toxicology  before  our  students, 
which  was  highly  approved.  He  was  then  much  occupied  with 
chemical  analysis  of  the  limestones,  marls,  and  soils  of  this  vicinity, 
and  contributed  valuable  results  to  the  agricultural  journals  of  this 
place. 

''  His  leading  aim  at  simplifying  processes  in  analysis  was  most 
apparent — a  field  in  which  he  afterward  achieved  his  chief  distinc- 
tion." 

Dr.  Smith's  father  was  a  merchant  in  Charleston  of  suflicient 
fortune  to  enable  his  son  to  prosecute  his  studies  beyond  the  curric- 
ulum of  the  medical  school  of  his  native  city.  Immediately  after 
taking  his  medical  degree,  therefore.  Smith  went  to  Paris  to  follow 
the  most  distinguished  teachers  in  medicine  and  other  departments 
of  science.  With  Dumas  he  followed  chemistry  pure  and  applied, 
and  with  Orfila  toxicology;  with  Poulliet,  Desprez,  and  .Ed  Bec- 
querel  he  followed  physics,  and  with  Dufrenoy  and  Elie  de  Beau- 
mont mineralogy  and  geology. 

During  one  of  his  summer  excursions  he  found  himself  at  the 
door  of  Liebig's  laboratory  at  Giessen.  This  accidental  circum- 
stance turned  the  whole  course  of  his  life  into  the  channel  from 
which  it  was  never  afterward  diverted. 

He  became  a  zealous  and  enthusiastic  student  of  chemistry  under 
the  inspiration  of  Liebig.  He  appears  to  have  divided  his  time 
between  Giessen  in  the  summer  and  Paris  in  the  winter.  This 
result  was  foreshadowed,  as  we  have  seen,  by  his  early  tastes. 

While  yet  a  student  in  Charleston,  South  Carolina,  his  maiden 
communication  to  the  American  Journal  of  Science  was  on  **Chro- 
mate  of  Potassa — a  re-agent  for  distinguishing  between  the  salts  of 
baryta  and  strontia."* 

In  this  paper  he  first  made  known  to  chemists  this  very  delicate 
and  now  very  familiar  test  for  baryta,  and  determined  its  quantita- 

•  American  Journal,  [i]  xxxvi,  188.    1839. 
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tive  value.  This  paper  is  interesting  as  the  first  evidence  of  Smith's 
acumen  in  devising  new  analytic  methods  in  chemistry.  In  the 
same  year  he  published  a  second  paper,  **0n  a  new  method  of 
making  permanent  artificial  magnets  by  galvanism."* 

Soon  after  his  arrival  in  Paris  Dr.  Smith  opened  a  correspond- 
ence with  the  writer,  which  continued  during  life. 

In  1842  he  thus  transmitted  to  the  American  Journal  of  Science 
his  first  important  chemical  research  on  ''  The  composition  and  pro- 
ducts of  distillation  of  spermaceti,  etc.^t  This  paper  is  dated  Paris, 
April  29,  1842.  It  is  an  elaborate  research,  embracing  many  ulti- 
mate organic  analyses  from  which  the  true  composition  of  sperma- 
ceti was  first  made  known.  He  set  aside  the  views  of  Chevreul — 
that  spermaceti  was  a  fat,  and  reached  the  conclusion  that  it  was  a 
compound  of  ethal,  and  that  by  its  distillation  a  molecule  of  ethalic 
hydrate  and  cetine  was  produced. 

Organic  chemistry  was  at  that  time  without  the  powerful  aid  of 
a  comprehensive  classification,  and  the  theory  of  the  compound 
ethers  had  not  been  developed;  otherwise  the  work  which  Smith 
accomplished  so  well  would  have  led  him  to  the  conclusion  that 
spermaceti  was  eetyl  pcdmUaie  (cetine) — a  view  with  which  his  ana- 
lytical results  accurately  corresponded. 

At  the  time  when  this  research  was  made  probably  no  American 
chemist  had  done  any  work  in  organic  chemistry  of  so  elaborate  a 
character  as  we  find  in  this  investigation.  This  paper  was  repro- 
duced in  the  AnncUes  de  Ch,  et  Phys.  of  Paris,  in  Liebig's  Annalen,  in 
Sturgeon's  Journal j  and  in  MajocMs  Jour,  Fia,,  etc. 

In  a  subsequent  paper  on  the  action  of  potash  on  cholesterinet 
he  shows  that  this  body,  usually  considered  by  physiologists  as  a  fat, 
was  in  reality,  as  then  judged,  nearly  related  to  spermaceti.  This 
paper,  he  states,  was  intended  as  an  appendix  to  his  more  elaborate 
research  upon  spermaceti. 

Shortly  after  Dr.  Smith  reached  Paris  he  found  the  whole  of 
France  agitated  by  one  of  the  most  interesting  criminal  processes 
upon  record — that  of  Madame  La  Farge.  This  case  involved  the 
question  of  the  normal  existence  of  arsenic  in  the  human  body,  and 
of  its  presence  in  hydrated  peroxide  of  iron,  used  as  an  antidote. 

^American  Journal,  xxxvi,  835.    1889. 
t American  Journal,  [i]  xliii,  801. 
JAmerican  Journal  Science,  [i]  xliv.    1848. 
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Dr.  Smith  reviews  these  and  other  questions  in  a  paper  entitled 
"On  the  means  of  detecting  arsenic  in  the  animal  body,  and  of 
counteracting  its  effects."*  The  date  of  the  paper  is  Paris,  Decem- 
ber 6,  1840.  He  was  then  a  student  of  Orfila,  but  he  does  not 
hesitate  to  expose  the  errors  of  his  distinguished  professor  in  this 
celebrated  case — errors  afterward  acknowledged  by  Orfila  himself. 

He  follows  up  this  subject  by  a  second  paper  of  date  June  28, 
1841,  entitled  "Continuation  of  remarks  made  upon  arsenic,  con- 
sidered in  a  medico-legal  point  of  view,"t  in  which  he  described  the 
method  of  Danger  and  Flandin  for  destroying  animal  matter  in 
toxical  examinations,  and  also  the  then  new  form  of  Marsh's  appa- 
ratus; and  he  still  further  reviews  the  ground  for  rejecting  the 
opinion  that  arsenic  is  ever  a  normal  constituent  of  the  animal 
body,  supporting  his  statements  by  evidence  from  his  own  original 
work. 

We  have  already  alluded  to  Dr.  Smith's  arrival,  in  the  summer 
of  1841,  at  the  laboratory  of  Liebig  at  Giessen.  In  November  of 
that  year  he  sent  to  this  country  from  Giessen  a  translation  of  Will 
and  Varrentrapp's  method  of  determining  nitrogen  in  organic  com- 
pounds, then  unknown  in  this  country,  accompanying  it  with  notes 
of  his  own.  This  paper  he  supplemented  in  1843,  after  his  return 
to  this  country,  with  a  notice  of  M.  Beizet's  criticisms  upon  the 
limits  of  accuracy  of  this  method.  J 

It  is  pretty  evident,  from  his  scientific  work  while  in  Paris,  that 
the  study  of  medicine  was  subordinate  to  his  interest  in  chemical 
research,  and  we  are,  therefore,  prepared  to  find,  after  his  return  to 
this  country,  that  medical  practice  offered  few  attractions  for  him. 
He  indeed  commenced  practice,  but  found  time  to  prepare  and 
deliver  courses  of  lectures,  like  that  already  mentioned  by  Prof. 
Shepard,  before  the  Medical  College  on  toxicology. 

He  also,  in  1846,  inaugurated  the  Medical  and  Surgical  Journal 
of  South  Carolina,  associated  with  Dr.  Sinclair.  He  remained  in 
this  editorial  work  only  one  year  before  he  went  to  Turkey.  Be- 
fore this  time  he  had  done  some  important  work  in  chemical  analy- 
sis and  in  the  improvement  of  analytical  methods ;  thus  determining 
the  action  of  alkaline  salts  on  sulphate  of  lead;  the  composition  of 

♦American  Journal  Science,  [i]  xl,  278-293.     1841. 
t American  Journal  Science  [i]  xlii,  76-81.     1842. 
JAmerican  Journal  Science,  [i]  xlv,  267.     1843. 
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fossil  bones  from  near  Charleston,  and  the  origin  of  the  fluorine 
found  in  them ;  the  action  of  solutions  of  the  neutral  phosphates 
upon  carbonate  of  lime,  and  the  composition  of  marl  from  Ashley 
River,  South  Carolina.  A  summary  of  these  researches  is  contained 
in  a  paper  published  in  October,  1844.* 

He  also  turned  his  attention  to  the  operations  of  the  high  iron 
furnace  in  two  papers  on  this  subject,  and  contributed  abstracts  of 
the  researches  of  European  chemists  to  the  American  Journal  of 
Science  (1845).t 

These  papers  on  agricultural  chemistry — the  composition  of 
soils,  the  value  of  the  marls  and  fossil  bones  of  the  Ashley  River, 
etc. — undoubtedly  led  to  his  selection  by  Secretary  (later  President) 
Buchanan  as  a  suitable  person  to  meet  the  call  from  the  Sultan  of 
Turkey  for  scientific  aid  in  introducing  into  that  kingdom  American 
methods  in  the  culture  of  cotton — a  subject  with  which  he  was  also 
familiar. 

This  appointment  marks  an  important  epoch  in  Smith's  career. 
It  opened  to  him  a  new  and  virgin  field  of  research,  and  offered 
him  an  opportunity  to  use  his  acquirements  in  a  way  different, 
indeed,  from  his  expectations,  but  not  the  less  important.  Find- 
ing, on  his  arrival  in  Turkey,  that  an  associate  proposed  to  inaugu- 
rate the  cultivation  of  cotton  on  a  plan  doomed  to  failure,  he  was 
about  returning  to  America,  when  he  received  from  the  Turkish 
Government  a  commission  to  explore  her  mineral  resources.  He 
entered  at  once,  with  his  customary  zeal  and  intelligence,  upon  this 
work,  and  in  the  four  years  of  his  residence  in  the  Sultan's  domin- 
ions, in  spite  of  many  vexatious  restrictions,  he  opened  up  natural 
resources  which  have  ever  since  added  an  important  item  to  the 
revenues  of  the  Porte. 

His  memoir  on  emery  was  equally  important,  both  from  a  scien- 
tific and  economic  stand-point.  Before  his  observations  **0n  the 
Geology  and  Mineralogy  of  Emery,  made  in  Asia  Minor,"  little 
was  known  of  the  mode  of  occurrence  of  this  useful  mineral.  The 
Island  of  Naxos  had  long  been  almost  the  only  locality,  and  the 
supply  from  this  source  was  limited  and  the  price  excessive,  and  no 
geologist  had  found  an  opportunity  of  studying  the  mineral  associa- 


•American  Journal  Science,  [i]  xlviii,  97-104. 

t  Some  of  his  work  at  this  time  is  found  in  the  reports  of  Toumey  on 
the  Geological  Survey  of  South  Carolina,  y,  v. 
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tions  of  emery  or  its  relations  to  corundum.  Smith's  sagacity  as 
an  observer ;  his  originality  in  discussing  new  methods  of  examina- 
tion ;  his  patience  and  conscientious  fidelity  in  executing  his  work, 
are  all  conspicuous  to  the  student  of  this  memoir.  From  the  study 
of  the  mineralogical  associations  in  which  he  found  the  emery  of 
Asia  Minor  he  felt  convinced  that  the  search  for  like  associations 
elsewhere  would  be  rewarded  by  the  discovery  of  emery  or  corun- 
dum. With  this  view  he  addressed  the  present  writer,  requesting 
him  to  test  the  correctness  of  his  observations  upon  known  localities 
of  corundum  in  the  United  States.  The  associate  minerals  were 
immediately  found  and  reported.  Later  on,  after  his  return  to 
America,  Smith  had  the  opportunity  of  seeing  the  accuracy  of  his 
views  demonstrated  at  the  emery  mine  of  Chester,  in  Hampden 
County,  Massachusetts,  which  Dr.  Charles  T.  Jackson  had  discov- 
ered by  use  of  the  key  of  its  associate  minerals,  as  suggested  by 
Smith,  the  locality  having  been  before  regarded  only  as  an  iron 
mine.  This  mine  is  the  subject  of  a  special  memoir  by  Smith, 
which  will  be  found,  pp.  42-53  of  his  volume  of  memoirs,  1873.* 

Dr.  Smith's  memoir  on  the  Turkish  emery  was  presented  to  the 
French  Academy  in  1850,  and  was,  at  the  recommendation  of  a 
special  commission,  of  which  Dufrenoy  was  the  reporter,  ordered 
to  be  inserted  in  the  '^Recueil  du  Memoires  des  Savaniea  Etrangera.^ 
It  will  also  be  found  in  the  American  Joumal.f 

In  a  letter  to  the  writer,  dated  Paris,  September  3,  1850,  Smith 
says  he  sends  by  a  private  hand  the  full  translation  of  the  first  part 
of  his  paper  on  emery,  and  suggests,  if  no  time  is  lost  in  its  publi- 
cation, it  would  first  appear  in  full  in  America.  It  was,  in  fact, 
published  simultaneously.  He  adds:  **The  second  part  I  think 
you  will  like  better  than  the  first,  and  I  shall  set  to  work  to  trans- 
late it  immediately.  Please  correct  any  little  Gallicisms  that  you 
may  find  in  the  paper." 

This  last  injunction  is  a  tacit  acknowledgment  of  the  fact  that 
the  French  idioms  had  a  strong  hold  upon  his  literary  style.  We 
all  were  quite  accustomed  to  this  peculiarity,  and  found  it  not 


♦Mineralogy  and  Chemistry.  Original  researches  by  Prof.  J.  Lawrence 
Smith,  of  Louisville.  8vo,  pp.  401.  1873.  A  new  edition  of  this  volume  of 
memoirs  is  now  in  course  of  printing  by  Dr.  J.  B.  Marvin,  of  Louisville, 
which  will  contain  a  more  complete  collection  of  Dr.  Smith's  papers,  brought 
down  to  the  date  of  his  death. 

t[2],  vol.  X,  854-869. 
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always  easy  to  [correct  all  the  "little  G^allicisms "  without  an 
almost  new  translation. 

**I  am  now  engaged,'*  he  adds  in  the  same  letter,  **on  the 
urinary  calculi  of  the  Museum  of  Dupuytren.  This  will  be  fin- 
ished in  about  ten  days.  I  shall  then  complete  some  odds  and  ends 
that  I  have  in  hand  and  leave  for  home  about  the  first  of  October 
(1850).  I  shall  give  you  more  matter  for  the  journal  next  year 
than  you  want  from  any  one  individual.  I  did  not  visit  your  an- 
nual association,  as  much  from  diffidence  as  any  thing  else." 

His  results  on  the  urinary  calculi  above  alluded  to,  I  suspect, 
were  never  published,  and  he  never  carried  out  his  purpose  to  de- 
scribe his  methods  of  analysis  devised  for  this  research.  I  only 
learn  incidentally  from  a  subsequent  letter  that  two  hundred  calculi 
were  examined. 

Many  other  researches,  scientific  and  economic,  on  coal,  chro- 
mite,  magnesite,  etc.,  were  prosecuted  by  Dr.  Smith  while  in  the 
service  of  the  Ottoman  Government,  several  of  which  will  be  found 
in  the  volume  cited,  to  which  reference  must  be  had  for  details. 
Of  these  his  memoirs  on  thermal  waters  of  Asia  Minor  is  too  im- 
portant to  be  passed  without  mention  (1849).* 

Very  soon  after  the  Morse  system  of  telegraphy  was  developed 
in  the  United  States  Smith  applied  to  the  present  writer  to  send 
him  as  complete  an  apparatus  as  could  then  be  had,  with  con- 
ductors sufficient  to  connect  the  Sultan's  palace  at  Constantinople 
with  the  Bosphorus,  and  when  all  was  ready  the  Sultan  was  invited 
to  witness  the  operation  of  the  first  electric  telegraph  erected  in  his 
dominions,  and  was  moved,  as  a  consequence  of  the  unselfish  advice 
of  our  friend,  to  confer  upon  Prof.  Morse  a  high  decoration  in 
recognition  of  his  important  invention.  The  Sultan  was  so  im- 
pressed with  the  value  of  Dr.  Smith's  services  in  developing  the 
resources  of  his  dominions  that  he  conferred  on  him  substantial 
favors  and  honorable  decorations  in  recognition  of  his  esteem  and 
friendship.  He  found  his  residence  in  the  Sultan's  dominions  by 
no  means  agreeable  to  a  man  of  his  active  temperament  and  to  one 
impatient  of  diplomatic  restraint.  In  a  letter  dated  June  6,  1848, 
he  says: 

"And  what  do  you  think  of  my  proposed  plan  of  returning  to 
America?     Here  I  feel  like  a  caged  bird,  being  prevented  from 


*Comptes  Rendus  du  seances,  de  TAcademie  des  Science.    Oct.  28, 1850. 
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making  those  examinations  of  the  country  that  my  situation  would 
so  well  enable  me  to  do.  But  no!  they  must  keep  me  at  Con- 
stantinople the  most  of  the  time,  because  they  might  ward  me;  and 
when  I  do  go  it  is  always  with  a  troop  of  lazy,  ignorant  scoundrels, 
who  are  sent  rather  to  watch  my  movements  than  to  afford  any 
assistance.  The  people  are  both  suspicious  and  ignorant,  and  they 
believe  an  honest  man  exists  only  in  the  wildest  dreams  of  philoso- 
phers. My  last  discovery  was  that  of  chromate  of  iron  near  Brous- 
sia.  Nature,  in  placing  all  these  mineral  riches  here,  only  threw 
*  pearls  before  swine.'" 

In  a  former  letter  (May  27th)  he  says : 

*'  I  am  becoming  more  and  more  disgusted  with  this  country 
and  its  people,  and  have  my  hands  tied  by  their  stupidity  and 
ignorance.  You  must  recollect  the  coal  mine  I  discovered  about  a 
year  and  a  half  ago,  of  which  I  made  a  detailed  report  to  the  gov- 
ernment, giving  the  best  manner  of  working  it,  etc.  To  this  they 
appeared  to  pay  great  attention,  and  a  few  months  ago  got  out  a 
collier  from  England  for  the  purpose  of  commencing  the  working 
of  it.  No  sooner  are  all  the  preparations  made  than  the  govern- 
ment says  it  must  not  be  worked ;  and  why?  Because  the  Sultan's 
mother  and  some  of  the  great  Pachas  do  not  wish  it,  they  owning 
mines  on  the  Black  Sea.  This  is  done  when  there  are  hundreds  of 
thousands  of  tons,  of  coal  brought  from  England  every  year.  Com- 
ments are  useless.  They  fear  to  go  to  the  slightest  expense  in 
opening  a  new  mine;  consequently  their  great  mineral  treasures 
are  useless  to  them." 

Mention  has  already  been  made  of  Dr.  Smith's  very  liberal  and 
unselfish  efforts  to  secure  a  proper  recognition  of  the  services  of 
Prof.  Morse  in  telegraphy.  In  his  letter  of  November  7,  1849, 
he  says: 

**  You  make  allusion  to  Prof.  Morse's  decoration,  about  which  I 
do  not  know  that  I  have  said  any  thing  to  you.  The  fact  is,  I  did 
not  know  that  it  had  reached  him  until  four  or  five  months  ago, 
when  I  came  across  an  old  American  newspaper  speaking  of  Prof. 
Morse's  magnificent  diamond  brooch,  I  do  not  know  that  you  are 
aware  that  it  was  from  a  wish  upon  ray  part  that  the  decoration 
was  sent  to  Prof.  Morse.  The  sole  honor  I  expected  to  have  in  the 
matter  was  to  transmit  the  decoration  to  him  as  the  Sultan  had 
ordered.  But  our  minister  thought  proper  to  do  otherwise,  and, 
after  a  very  long  delay,  he  forwarded  it  himself.     The  fact  is,  after 
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the  decoration  was  accorded  to  Morse,  it  would  not  have  been  given 
had  I  not  pushed  the  matter  and  proved,  in  a  document  sent  to  the 
Minister  of  Foreign  Affairs,  that  Prof.  Morse  was  entitled  to  the 
invention  that  some  English  intriguers  here  wished  to  deprive 
him  of.  However,  I  send  you  a  note  written  to  me  some  time  ago 
by  the  dragoman  of  the  legation,  who  is  the  only  one  beside  myself 
who  is  acquainted  with  the  whole  affair. 

"Excuse  me  for  writing  to  you  about  an  affair  which  turned  a 
loss  to  me  without  my  obtaining  the  little  honor  that  I  coveted — 
that  of  exhibiting  my  esteem  for  the  merits  of  Prof.  Morse."  .    .  . 

He  concludes  this  letter  thus : 

**  I  have  been  trying  for  some  time  past  to  conclude  my  arrange- 
ments with  the  Turks,  and  have  at  last  succeeded.  To  remain  here 
any  longer  is  very  much  against  my  wishes,  for  my  occupations 
interest  me  but  little  and  are  of  no  general  utility.  Could  1  travel 
about  as  I  wish,  I  could  remain  here  ten  years. 

**  In  leaving  his  service  the  Sultan  has  thought  proper  to  express 
his  satisfaction  at  the  service  I  have  rendered  him,  and  to  present 
me  with  an  elegant  gold  snuff-box  set  with  diamonds.  He  has  also 
ordered  an  official  expression  of  the  satisfaction  of  government  to 
be  given  to  me  by  the  Grand  Vizier,  etc.  So  ends  my  career  in 
Turkey.  I  leave  in  a  day  or  two  for  Syria  and  Egypt,  and  after 
visiting  these  countries  shall  return  to  America  by  way  of  France." 

Notwithstanding  Dr.  Smith's  regrets  over  the  folly  of  the  Turks 
in  hampering  his  movements,  and  so  limiting  his  discoveries  and 
researches,  the  fact  remains  that  he  managed,  in  spite  of  annoying 
restrictions,  to  reap  a  rich  harvest  of  good  work  in  the  Ottoman 
Empire,  at  the  record  of  a  part  only  of  which  we  have  glanced. 

He  reached  Paris  in  the  early  spring  of  1850,  and  remained 
there  until  the  following  October,  occupied  with  scientific  work 
relating  chiefly  to  the  researches  on  emery  and  its  associate  min- 
erals, and  the  presentation  of  his  two  memoirs  on  this  subject  to 
the  Institute.  He  also  found  time  to  project  his  inverted  micro- 
scope, which  he  matured  after  his  return  to  America. 

We  have  seen  also  that  he  took  in  hand  the  analysis  of  the 
urinary  calculi  of  the  Mus^e  Dupuytren. 

Many  matters  of  chiefly  mineralogical  interest  are  found  in  his 
letters  written  during  this  period ;  but  as  the  facts  have  long  since 
found  their  proper  place  in  the  records  of  science,  the  letters  now 
possess  only  a  personal  and  historic  interest. 
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After  his  return  from  his  Turkish  and  European  residence 
Dr.  Smith  passed  almost  immediately  to  New  Orleans,  where  he 
remained  about  two  years,  having  accepted  an  invitation  to  deliver 
courses  of  lectures  on  science  before  a  lyceum  or  scientific  society. 

While  there  he  was  also  elected  to  a  chair  in  the  scientific 
department  of  the  University  of  New  Orleans,  **  which,"  he  writes, 
in  December,  1850,  **  at  present  exists  but  in  name."  Neverthe- 
less we  find  at  the  head  of  his  papers,  prepared  at  this  time,  he 
uses  the  title  of  professor  of  chemistry  in  the  University  of  Loui- 
siana. Here  he  completed  researches  commenced  abroad,  as,  for 
example,  the  description  of  the  inverted  microscope,*  of  which  I 
find  a  pretty  full  notice  in  a  private  letter,  with  a  figure,  of  date 
December  21,  1850,  within  a  month  after  his  arrival  in  New  Or- 
leans. Here  he  felt  keenly,  and  deplores,  the  want  of  a  labora- 
tory as  greatly  hampering  his  researches.  But  he  found  occupation 
in  a  variety  of  work  which  he  could  accomplish  with  the  limited 
means  at  hand,  and  I  find  him,  in  January,  1851,  projecting  an 
excursion  to  Arkansas,  up  the  Mississippi  to  Missouri,  and  to  Ken- 
tucky. This  plan  he  carried  out  later.  In  a  letter  of  October  9, 
1851,  from  Charleston,  where  he  then  was  on  a  visit,  he  expresses 
his  regrets  that  he  had  not  yet  a  permanent  place  of  residence. 
**  I  often  regret,"  he  says,  **  that  I  am  not  more  permanently  estab- 
lished, for  my  concentration  on  scientific  labor  can  never  be  made 
advantageous  until  I  have  a  well-mounted  laboratory  of  my  own. 
All  my  scientific  labors  have  as  yet  been  carried  on  in  the  Gipsey 
style.  ...  In  fact  I  have  been  literally  a  sort  of  peripatetic 
philosopher,  carrying  my  own  hammer  and  anvil  and  doing  a  little 
wherever  I  could  get  a  place  to  work  in.  It  would  no  doubt  sur- 
prise you  to  see  in  my  baggage  a  box  of  platinum,  from  a  pint 
capacity  down;  bottles  of  pure  carbonate  soda,  bisulphate  of  soda, 
fluor-spar,  potash,  carbonate  of  lime,  etc.;  in  fact,  my  essentials 
that  I  am  only  satisfied  of  as  to  purity  when  they  come  from  my 
own  stock." 

This  habit  of  keeping  a  stock  of  pure  chemical  re-agents  in  his 
baggage  he  retained  for  a  long  time,  even  after  he  was  permanently 
settled  in  Louisville. 

In  1852,  June  24th,  he  married  a  daughter  of  the  Hon.  James 
Guthrie,  of  Louisville.     This  happy  marriage  decided  the  future 


*Ainer.  Jour.  Science.  [2]  xiv,  288,  September,  1862. 

/Google 


Digitized  by' 


DR.  J.  LAWRENCE  SMITH.  XXZlll 

course  of  his  life.  Cheered  and  sustained  b^  the  genial  compan- 
ionship of  a  wise  and  devoted  wife,  who  took  an  intelligent  interest 
in  his  pursuits,  and  was  his  constant  companion  during  his  frequent 
journeys  at  home  and  abroad,  under  her  influence  we  find  the  open- 
ing out  of  a  side  of  Dr.  Smith's  character  which  in  his  migratory 
life  had  but  little  opportunity  for  expression.  His  tender  human 
nature  now  found  opportunity  for  development  in  works  of  charity 
and  religion  and  in  graceful  hospitality.  Louisville  was  destined 
hereafter  to  be  his  home,  but  not  immediately.  He  was  turning 
his  mind  toward  the  chemical  chair  in  the  University  of  Virginia, 
lately  vacated  by  the  transfer  of  Dr.  Robert  E.  Rogers  to  Philadel- 
phia, and  to  this  place  he  succeeded  in  the  autumn  of  1852.  He 
held  this  chair  for  only  one  year,  but  it  was  a  year  of  great  sci- 
entific activity,  in  which,  aided  by  the  efficient  assistance  of  Mr. 
Brush,  he  was  able  to  accomplish  a  very  important  amount  of  orig- 
inal investigation  in  the  department  of  chemical  mineralogy  and 
in  perfecting  his  new  method  of  analyzing  the  alkaline  silicates. 

This  subject  had  engaged  his  attention  before  he  left  Paris,  but 
it  was  only  after  commencing  work  at  the  University  of  Virginia 
that  he  put  it  in  form  for  publication. 

In  a  letter  of  date  January  7,  1853,  addressed  to  the  writer  at 
Louisville,  after  passing  an  encomium  upon  Brush,  adds : 

''My  method  of  analyzing  the  alkaline  silicates  is  now  com- 
plete, and  will  appear  in  the  next  number  of  the  journal.  This 
method  of  decomposing  silicates  for  the  alkalies  is  quite  as  easy  as 
a  carbonate  of  soda  fusion,  which  latter,  however,  is  an  insignifi- 
cant decomposing  agent  along  side  of  it.  Zircon  and  kyanite  yield 
to  it  at  a  light  red  heat  in  an  open  furnace.  Carbonate  of  lime  is 
the  agent.  You  will  learn  how  to  use  it  for  this  purpose  by  refer- 
ring to  the  forthcoming  pajwr." 

This  paper,  which  appeared  in  March,  1853,*  was  a  very  valu- 
able contribution  to  analytical  methods,  and  Smith's  process  for 
decomposing  the  alkaline  silicates,  by  the  use  of  calcium  carbonate 
and  chloride,  is  now  the  generally  accepted  method. 

The  researches  on  American  minerals,  carried  on  jointly  by 
Smith  and  Brush,  were  made  in  1853,  and  have  long  since  passed 
into  the  records  of  science.     They  settled  many  doubtful  points, 

*Amer.  Jour.  Science,  [2]  xv,  284-248.  Completed  in  Part  II,  July  1, 
1868.    [2]  xvi,  68-61. 
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and  relegated  into  obscurity  many  worthless  species  while  clearly 
establishing  others. 

It  may  be  asked  why  so  prosperous  a  commencement  of  profes- 
sional life  at  the  University  of  Virginia  should  not  have  been  con- 
tinued beyond  the  period  of  one  year?  At  this  time  Mrs.  Smith's 
father,  the  Hon.  James  Guthrie,  was  Secretary  of  the  Treasury  of 
the  United  States,  residing  at  Washington,  and  it  was  no  doubt 
his  wish  to  reunite  his  family  in  that  city,  which  was  largely  instru- 
mental in  deciding  Dr.  Smith's  resignation  at  the  close  of  his  first 
year  at  Charlottesville. 

The  Smithsonian  Institution  offered  him  a  convenient  and  agree- 
able place  for  prosecuting  his  researches,  and  there  he  spent  the 
following  winter,  as  well  as  several  subsequent  summers;  and  while 
there  he  also  worked  in  the  department  of  agricultural  chemistry 
for  the  United  States  Department  of  Agriculture.  I  am  favored 
by  Prof.  F.  H.  Smith,  of  the  physical  chair  at  the  University  of 
Virginia,  who  was  there  when  Dr.  J.  Lawrence  Smith  commenced 
his  labors,  with  an  interesting  reply  to  my  inquiry  as  to  Dr. 
Smith's  success  as  a  teacher.  He  says,  in  a  letter  of  date  March 
12,1884: 

**  His  course  of  lectures  were  remarkable  in  several  particulars: 

**  1st.  The  freshness  and  thoroughness  of  his  chemical  knowl- 
edge as  given  to  the  class.  He  appeared  fully  abreast  and  even  in 
advance  of  the  general  status  of  the  science.  He  spoke  as  a  mas- 
ter. His  experiments  were  often  novel  and,  I  believe,  generally 
successful  as  well  as  striking,  partly  owing  to  the  efficient  aid  he 
had  from  George  J.  Brush,  now  professor  at  Yale  College,  but  then 
his  private  assistant  and  student. 

**  2d.  The  fact  that  he  confined  his  lectures  to  chemistry  projjer, 
leaving  physics  to  the  professor  in  charge  of  that  branch.  This  he 
did,  I  believe,  of  set  purpose,  with  the  result  of  his  giving  more 
chemistry  in  eight  months  than  his  predecessors  had  done,  nom- 
inally in  nine,  but  really  in  six. 

**  As  a  man  he  impressed  me  as  one  of  thorough,  conscientious 
loyalty  to  truth  and  duty.  I  have  never  met  him  since  without  a 
feeling  of  pleasure,  based  upon  profound  respect  for  him  personally 
as  well  as  professionally." 

In  1854  Dr.  Smith  accepted  the  chair  of  medical  chemistry  and 
toxicology  in  the  University  of  Louisville,  then  made  vacant  by 
the  resignation  of  the  writer.     This  chair  was  retained  by  Dr. 
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Smith  until  the  spring  of  1866,  when  he  resigned.  Possessed  now 
of  an  ample  fortune,  and  frequently  called,  in  the  way  of  his  pro- 
fession, to  visit  Europe,  he  found  the  restraints  of  a  professorship, 
in  an  institution  no  longer  prosperous,  distasteful,  and  naturally 
preferred  to  devote  himself  to  the  more  congenial  researches  which 
he  had  recently  commenced  in  the  department  of  aerolites,  to  the 
collection  and  study  of  which  he  gave  great  attention  during  the 
remainder  of  his  life.  His  first  memoir  on  this  subject  was  his  de- 
scription of  five  new  meteoric  irons  in  1854,  forming  part  of  his 
memoir  on  meteorites,  read  before  the  American  Association  for 
the  Advancement  of  Science  in  April,  1854,  at  Washington,  but 
not  published  until  the  following  year.* 

This  memoir  is  also  reproduced  in  his  volume  of  Scientific  Re- 
searches. In  this  paper  Dr.  Smith  appears  for  the  first  time  as  the 
author  of  a  general  theoretical  discussion  of  cosmical  or  astronomi- 
cal considerations  as  to  the  origin  of  meteorites.  His  views  are 
expressed  with  force  and  clearness.  He  antagonizes  the  notion 
that  meteorites,  as  we  know  them  from  fragments  which  reach  the 
earth,  are  large,  solid  cosmical  bodies,  passing  through  the  earth's 
atmosphere  with  planetary  velocity  and  dropping  small  portions 
of  their  mass  in  their  fiight.  He  advocates  strongly  the  lunar 
origin  of  meteorites  as  the  most  probable  theory  yet  advanced. 
This  view  he  sustains  with  the  courage  of  his  convictions,  and  illus- 
trates by  citing  many  interesting  facts,  which,  in  his  view,  go  far 
to  establish  the  lunar  theory.  It  is  not  now  the  time  to  follow  this 
discussion,  but  it  is  interesting  to  note  the  fisict  that,  from  the  time 
Smith  took  up  the  discussion  of  this  subject,  the  study  of  mete- 
orites became  almost  the  exclusive  theme  which  occupied  his  atten- 
tion. Thus,  if  we  turn  to  the  list  of  his  papers  in  the  Royal  So- 
ciety catalogue,  we  find,  out  of  seventy-eight  titles,  down  to  1873, 
there  are  twenty-two  upon  meteoric  subjects,  all  subsequent  to 
1854,  and  of  these  seventeen  papers  were  printed  between  1864 
and  1873,  the  date  of  the  publication  of  his  volume  of  papers 
already  cited,  and  in  this  volume  of  four  hundred  pages  one  hun- 
dred are  devoted  to  meteorites.  In  the  ten  years  succeeding  there 
are  seventeen  additional  meteoric  papers  and  many  on  other  sub- 
jects, chiefly  mineralogical. 

The  last  paper  printed  by  Dr.  Smith,  in  the  June  issue  of  the 


♦American  Journal  Science,  II,  xix,  153-382. 
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American  Journal  of  Sciences,  1883,  was  "On  the  Peculiar  Concre- 
tions in  Meteoric  Iron."  At  the  close  of  this  paper  he  says  he  shall 
coiitinue  the  research,  *'  if,"  he  adds,  **  my  health  permits."  It  was 
his  last  work. 

Dr.  Smith's  collection  of  meteorites  was  commenced  by  his 
purchase  of  the  collection  of  the  late  Dr.  G.  Troost,  of  Nashville 
University,  who  was  fortunate  in  securing  a  number  of  large  iron 
meteorites  from  Tennessee,  but  Smith  added  constantly  to  this 
collection  from  all  parts  of  the  world,  and  especially  of  irons 
from  Mexico,  as  well  as  from  the  United  States,  and  of  stones 
from  such  falls  as  those  of  New  Concord,  Ohio,  in  May,  1860, 
and  from  the  great  fall  of  Iowa  in  February,  1875 ;  Nash  County, 
North  Carolina,  1872 ;  Warren  County,  Missouri,  January  7, 1877, 
and  others.  He  sold  a  number  of  his  larger  iron  masses  in  1862 
to  Prof.  C.  U.  Shepard  in  London,  and  of  the  Mexican  irons  to 
the  museum  of  the  Garden  of  Plants  in  Paris  (1879). 

Fortunately  for  science  this  fine  meteoric  collection  has  passed 
entire,  by  purchase,  into  the  possession  of  Harvard  College.  It 
is  a  memorable  circumstance  that  the  news  of  the  completion  of 
this  sale  was  communicated  by  telegraph  to  our  lamented  associate, 
greatly  to  his  joy,  on  the  last  day  of  his  life !  It  was  Dr.  Smith's 
ardent  wish  that  his  collection  should  be  kept  together,  and  having 
failed  in  accomplishing  this  object  with  a  local  institution,  in  the 
permanency  of  which  he  had  lost  confidence,  he  was  only  too 
happy  to  contemplate  its  secure  position  in  the  cabinet  at  Harvard 
College. 

Prior  to  1862  it  had  been  less  an  object  with  Dr.  Smith  to 
amass  a  large  collection  of  meteorites  than  to  use  those  he  had 
already  described  as  a  means  of  procuring  others  which  were 
new  to  science.  Hence  his  collection  has  been  largely  gathered 
since  that  date,  after  which  time  he  decided  to  make  his  collection 
as  complete  as  possible. 

Prof.  Cooke,  of  Harvard,  informs  me  that  the  Smith  collection 
represents  about  two  hundred  and  fifty  falls,  and  a  total  weight  of 
about  twenty-five  hundred  pounds,  making  the  Harvard  collection, 
including  what  they  had  before,  represent  in  all  about  two  hundred 
and  seventy  falls. 

In  the  British  Museum  there  are  now  represented  about  three 
hundred  and  fifty  falls,  and  in  the  Garden  of  Plants,  now  second 
only  to  the  British  Museum,  a  few  over  three  hundred  falls.     The 
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Harvard-Smith  collection  will  soon  be  commemorated  in  a  complete 
catalogue.  This  collection  is  inferior  to  that  of  London  and  Paris 
in  the  number  of  stones,  but  is  said  to  be  quite  equal  to  that  of 
the  British  Museum  in  the  irons. 

It  will  be  interesting  to  see  a  complete  catalogue  of  all  the 
meteoric  collections  in  the  United  States,  some  of  which  exceed 
the  Harvard  collection  in  the  weight,  if  not  in  the  number  of  falls 
reported. 

Dr.  Smith's  collection  is,  in  a  sense,  a  monumental  one,  memo- 
rial of  the  life-work  of  a  devoted  student  in  this  very  interesting 
department  of  cosmical  chemistry  and  mineralogy. 

Dr.  Smith  was  in  1872  elected  a  member  of  this  Academy,  and 
in  1879  corresponding  member  of  the  Academy  of  Sciences  of  the 
Institut  of  France,  succeeding  Sir  Charles  Lyell.  Few  Americans 
have  received  more  academic  honors,  abroad  and  at  home,  than  he. 
He  was  chevalier  of  the  Legion  d'  Honneur,  and  in  1874  was  presi- 
dent of  the  American  Association  for  the  Advancement  of  Science. 

Although  Dr.  Smith  felt  at  home  in  Louisville,  where  his 
family  ties  and  numerous  friendships  bound  him  and  where  he 
preferred  to  remain,  he  was  at  the  same  time  isolated  in  all  his 
scientific  work.  He  had  built  an  ample  house,  where  he  was 
surrounded  with  the  interesting  memorials  of  a  lifetime,  and  in 
which  he  also  provided  space  and  accommodations  for  his  private 
laboratory  on  the  upper  floors,  where  he  could  pursue  his  researches 
uninterrupted. 

He  acted  as  commissioner  at  the  Paris  Exposition  of  1867,  and 
prepared  the  report  on  the  chemical  industries,  entitled  ''The 
progress  and  condition  of  several  departments  of  industrial  chem- 
istry." This  document  formed  part  of  volume  n  of  the  official 
reports  of  the  United  States  Commissioners,  published  at  Wash- 
ington in  1869,  in  six  volumes,  and  edited  by  W.  P.  Blake.  Dr. 
Smith  served  in  the  same  capacity  at  the  Vienna  Exposition  in 
1873.  I  have  never  seen  his  report  of  the  work  done  there.  I 
know  that  he  prepared  an  elaborate  report  on  the  petroleum  pro- 
duction and  industry  of  the  United  States,  for  which  I  furnished 
him  materia],  but  I  understand  this  was  sent  to  Dr.  Hofmann, 
and  was  published  in  German,  but  has  not  been  reproduced  in 
English.* 

•  I  have  failed  to  secure  a  copy  of  this  memoir,  the  title  of  which  I  am 
therefore  unable  to  add  to  the  list  of  Smith's  papers.  b.  s. 
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It  was  in  1873  that  Dr.  Smith  went  to  St.  Petersburg  with 
Prof.  Daubr^e  to  attend  the  centennial  of  the  Chemical  Society, 
and  in  1879  he  again  spent  a  year  in  Europe,  with  his  wife,  visiting 
Sweden  and  Norway,  going  as  far  as  the  North  Cape,  and  there 
celebrating  the  Fourth  of  July  under  the  midnight  sun. 

His  elaborate  papei  on  the  so  called  meteoric  irons  of  Green- 
land and  the  basalts  was  presented  to  the  Institut  of  France  in 
1879,  and  is  published  at  length  in  the  Comptes  Rendus  of  that 
year.     The  title  is  given  in  the  list  of  his  papers. 

Unfortunately,  many  of  Dr.  Smith's  valuable  notes  and  man- 
uscripts were  burnt  in  transit  from  Charleston  to  the  University  of 
Virginia  in  1853,  and  he  was  always  too  much  occupied  with  new 
work  to  reproduce  them. 

His  fondness  for  practical  work  led  him  to  accept  the  charge  of 
the  gas  works  at  Louisville,  for  which  he  acted  as  president  for 
several  years.  He  also  established  a  laboratory  for  the  production 
of  chemical  re-agents  and  of  the  rarer  pharmaceutical  preparations, 
in  which  enterprise  he  associated  himself  with  Dr.  E.  R.  Squibb, 
whose  fame  as  a  successful  worker  in  pharmaceutical  chemistry  is 
well  known. 

In  reply  to  my  inquiry.  Dr.  Squibb  wrote  me  a  letter,  from 
which  the  following  sentence  is  extracted,  which  is  interesting  as 
shedding  light  upon  a  side  of  Dr.  Smith's  character  which  is  little 
known : 

'*  During  the  year  and  a  half  that  I  was  there  so  closely  asso- 
ciated with  him  I  learned  to  respect  and  esteem  him  more  highly 
than  ever  before,  and  have  always  regretted  that  after  we  separated 
I  could  see  so  little  of  him.  For  many  years,  however,  he  made 
me  annual  visits,  usually  spending  most  of  the  day  in  looking  into 
mechanical  devices  and  adaptations,  in  which  he  was  always  very 
much  interested. 

*'  He  was  a  man  of  great  ability  and  of  great  integrity  of  char- 
acter." 

Dr.  Smith's  personal  character  possessed  a  charm  which  won  all 
who  came  within  the  sunshine  of  his  genial  nature.  His  sturdy 
manliness  and  integrity  was  combined  with  an  almost  feminine 
gentleness. 

During  the  years  of  the  civil  war,  while  his  affiliations  and 
life-long  associations  were  inseparably  united  with  his  native  South, 
he  deplored  the  sad  conflict  with  a  spirit  bowed  as  under  a  personal 
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sorrow.  I  never  heard  a  word  from  him  on  the  subject  which  par- 
took of  bitterness  or  animosity,  and  no  shadow  passed  across  the 
path  of  his  old  friendships. 

He  had  no  children,  but  he  had  founded  an  orphan  home  in 
Louisville,  and  amply  endowed  it,  in  connection  with  the  Baptist 
denomination,  of  which  he  was  for  many  years  a  devoted  member. 

For  two  or  three  years  before  the  end  of  his  life  he  had  been 
in  delicate  health  from  a  chronic  affection  of  the  liver.  He  was 
seldom  confined  to  his  house,  but  on  the  first  of  August,  1883,  a 
severe  attack  of  the  disease  compelled  him  to  take  to  his  bed,  from 
which  he  never  arose  again.  Without  acute  sufiering  he  passed 
peacefully  away  on  Friday,  October  12th,  at  three  in  the  afternoon. 

By  his  directions  his  funeral  was  of  the  most  simple  character, 
and  without  an  eulogy.  His  life  closed  as  he  had  lived,  peacefully, 
with  uncomplaining  endurance  of  suffering.  His  last  words  were : 
**  Life  has  been  very  sweet  to  me.  It  comforts  me.  How  I  pity 
those  to  whom  memory  brings  no  pleasure  I " 

He  was  warmly  attached  to  the  National  Academy  of  Sciences, 
and  was  always  in  full  sympathy  with  its  objects  and  with  his 
fellow  members.  His  memory  is  dear  to  us,  and  we  rejoice  that 
though  dead  he  yet  lives,  and  that  the  work  he  loved  so  well  will 
be  perpetuated,  under  the  auspices  of  the  Academy,  by  a  noble 
endowment  bestowed  in  memoriam  by  his  devoted  wife. 

Sic  ituT  ad  aetra  I 


Note,  July  1, 1884. — The  endowment  mentioned  in  the  closing  sentence 
of  the  foregoing  notice  has  been  completed  by  a  deed  of  trust  from  Mrs.  Dr. 
Smith,  conveying  to  the  National  Academy  of  Sciences  the  sum  of  $8,000 
as  a  fond,  the  interest  of  which  is  to  promote,  by  original  investigation,  the 
study  of  meteoric  bodies,  to  which  a  large  part  of  Br.  Smith's  life  was  suc- 
cessfully devoted.  At  the  discretion  of  the  Academy  a  gold  medal,  of  the 
value  of  $200,  is  to  be  awarded,  not  oftener  than  once  in  two  years,  to  the 
person,  of  whatever  nationality,  who  within  the  previous  two  years  has 
made  the  most  important  advances  in  this  line  of  investigation;  or  the 
income  may,  if  the  Academy  so  decide,  be  awarded  from  time  to  time  in  aid 
of  such  researches,  but  in  this  case  only  to  citizens  of  the  United  States. 
The  dies  for  this  medal,  by  the  celebrated  artist  Chaplain,  of  Paris,  are  also 
provided  by  Mrs.  Smith  at  her  own  expense.  The  medal  will  carry  on  the 
obverse  the  head  of  Dr.  Smith  in  profile,  the  bust  in  a  classic  toga,  and  on 
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the  reverse  the  legend  in  Latin — J.  Lawrence  SmUh  medal  for  researches  in 
meteoric  bodies,  with  the  name  of  the  Academy  and  of  the  person  to  whom 
it  is  awarded. 

It  is  interesting  to  know  that  this  fund  represents  the  sum  paid  by 
Harvard  College  for  the  meteoric  collection  of  Dr.  Smith,  the  purchase  .of 
which  by  that  institution  is  mentioned  in  the  foregoing  notice.  b.  b. 
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CHROMATE  OF  POTASSA: 

A  RE-AGENT  FOR  DISTINGUISHING  BETWEEN  THE  SALTS 
OP  BARYTA  AND  STRONTIA. 


amiman's  Journal,  1839,  xxxvi,  pp.  183,  184. 

Having  had  occasion  some  months  since  to  examine  a  speci- 
men of  fibrous  celestine  from  Niagara,  I  was  led  to  suspect  from 
its  specific  gravity  that  baryta  was  present. 

With  this  supposition  I  examined  for  baryta,  in  the  usual  way, 
with  fluo-silicic  acid ;  in  fact,  the  only  certain  method  that  I  was 
aware  of.  The  indication  that  this  test  gave  of  its  presence  was 
80  unsatisfactory  that  it  led  me  at  once  to  search  for  a  more  de- 
cisive and  more  delicate  distinguishing  test,  and  the  following  was 
the  result  of  my  labor. 

It  will  be  needless  to  detail  the  various  re-agents  that  I  had 
recourse  to  in  my  experiments,  but  suffice  it  to  say  chromate  of 
potassa  satisfied  my  most  sanguine  wishes,  for  no  re-agent  with 
which  I  am  acquainted  acts  so  promptly  upon  any  body  as  does 
this  upon  the  salts  of  baryta;  and  moreover,  so  delicate  is  this 
test,  that  in  one  of  my  experiments,  in  which  a  grain  of  chloride 
of  barium  was  dissolved  in  one  gallon  of  water,  it  gave  immediate 
indication  of  the  presence  of  baryta,  although  sulphuric  acid  failed 
to  do  so ;  in  fact,  it  will  affect  perceptibly  a  solution  that  contains 
leas  than  one  hundred-thousandth  part  of  baryta. 

When  a  strong  solution  of  chromate  of  potassa  is  poured  upon 
a  strong  solution  of  a  salt  of  strontia  a  precipitate  (similar  to  that 
which  is  produced  when  a  salt  of  baryta  is  used)  will  take  place. 
Solutions  of  these  two  salts  of  ordinary  strength  will  not  affect 
each  other. 

Lest  this  fact  should,  under  any  circumstances,  cause  erroneous 
conclusions,  I  sought  for  some  acid  which  would  dissolve  the  one 
precipitate  and  not  the  other.  Acetic  acid  is  the  only  acid  among 
the  many  that  I  have  tried  which  answered  this  end.  If  a  small 
quantity  of  dilute  acetic  acid  (common  acetic  acid  diluted  with 

1 


Digitized  by 


Google 


2  CHROMATE  OF  POTAflSA. 

five  times  its  weight  of  water  was  used)  be  poured  upon  the  pre- 
cipitate produced  in  the  case  of  strontia,  it  will  be  completely  dis- 
solved ;  whereas  no  im(!»ression  is  made  on  that  from  the  salts  of 
baryta. 

Acetic  acid,  so  concentrated  as  to  crystallize  when  its  temper- 
ature was  below  50°,  was  poured  on  the  precipitated  chromate  of 
baryta,  and  a  portion  of  it  taken  up,  but  in  no  instance  did  any 
quantity  of  the  acid  dissolve  the  entire  precipitate. 

With  the  above  means  there  need  not  now  remain  the  least 
doubt  in  ascertaining  promptly  the  presence  of  baryta  in  a  salt  of 
strontia  supposed  to  contain  it ;  for  all  that  is  necessary  to  be  done 
is  to  add  to  a  solution  of  the  salt  a  solution  of  chromate  of  potassa, 
which,  if  baryta  be  present,  will  produce  a  light  yellow  precipitate 
insoluble  in  acetic  acid.  This  re-agent  will  also  serve  to  distin- 
guish baryta  from  lime. 
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COMPOSITION  AND  PRODUCTS  OF  DISTILLA- 
TION OF  SPERMACETI, 

WITH  SOME  PEW  REMARKS  UPON  ITS  OXIDATION 
BY  NITRIC  ACID. 


SiUiman'a  Journal,  1842,  xliii,  pp.  301-321;  Annales  de  Chimie 
et  de  Phys.,  1842,  vi,  pp.  40-62;  Liebig  Annal.,  xlii,  1842,  pp. 
241-254. 

Of  all  the  fatty  bodies  that  have  been  examined  there  is  per- 
haps not  one  whose  composition  has  been  so  imperfectly  arrived  at 
as  that  of  spermaceti,  and  it  is  a  little  remarkable  that  Ghevreul, 
with  the  accuracy  which  distinguishes  his  researches  upon  the  fats, 
should  not  have  ascertained  more  nearly  its  true  composition. 

Chevreul  made  the  examination  of  spermaceti  in  the  same  way 
as  he  did  that  of  other  fatty  bodies,  by  digesting  it  with  a  solution 
of  an  alkali,  and  examining  the  products  that  combined  with  the 
alkali  and  those  that  did  not.  In  the  case  of  apemuuseti  he  ob- 
tained a  solid  substance  that  did  not  combine  with  either  soda  or 
potaahf  resembling  strongly  in  its  external  characters  the  fats,  and 
upon  analysis  with  bioxide  of  copper  gave 

Carbon 79.76 

Hydrogen 18.95 

Oxygen 6.29 

100.00 
From  this  he  calculated  its  formula  (03311330+ HO),  and  this 
substance  he  called,  from  some  peculiarities  in  its  composition 
when  compared  with  that  of  alcohol  and  of  ether,  athal,  or  rather 
hydrated  athal. 

That  part  of  the  spermaceti  which  combined  with  the  potash 
Chevreul  considered  to  be  composed  of  margaric  and  oleic  acids, 
without  apparently  any  strong  grounds  for  so  doing.  He  gives 
us  no  analyses  of  these  acids,  and  the  following  is  all  that  is  said 
ooncerning  them: 

"The  margaric  acid  of  spermaceti  is  fusible  at  from  131**  to 
132^  Fahr.,  crystallizes  in  little  radiating  needles,  is  insipid  and 
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inodorous ;  at  140°  Fahr.  it  dissolves  in  all  proportions  in  alcohol 
of  0.820,  the  solution  reddening  strongly  litmus. 

"I  treated  the  margarate  of  potash  with  alcohol  to  see  if  I 
could  obtain  margaric  acid  fusible  at  140°  Fahr.  I  submitted 
a  portion  of  the  same  salt  to  five  successive  treatments,  and  ob- 
tained, first,  a  portion  of  the  salt  whose  acid  was  fusible  at  113° 
Fahr. ;  and  secondly,  a  portion  whose  acid  was  fusible  at  132° 
Fahr.  This  last  portion,  treated  again  six  times  with  alcohol, 
gave,  first,  an  acid  fusible  at  131°  Fahr.;  and  secondly,  an  acid 
fusible  at  122°  Fahr.  From  this  I  conclude  that  it  is  margaric 
and  not  stearic  acid  which  manifests  itself  in  the  saponification  of 
spermaceti." 

Chevreul  gives  the  following  analyses  of  the  salts  of  this  acid, 
to  which  I  have  affixed  the  atomic  weight  of  the  acid  that  each 
indicates,  and  which  Aifier  considerably  one  from  the  other : 

Salt  Atomic  weight  of  acid. 

T>  *    V      u  /Acid 100.001  occio 

Potaahsalt |  g^^ gj^^j 266.12 

Baryta-sait {^^il:::::::::::;;  ^^i^} 275.36 

strontia-sait  ....{it;;::;:;:;;::;;  ^foA ^^'-^2 

Lead-«ait,biba8ic.{^^^^;;;;;;;;;;  •••  ^If^] 262.40 

What  was  considered  to  be  oleic  acid  could  not  be  entirely 
separated  from  the  supposed  margaric  acid,  and  consequently  it 
was  impossible  for  Chevreul  to  study  accurately  its  properties. 

The  elementary  analysis  of  spermaceti,  according  to  Chevreul,  is 

Carbon 81.66 

Hydrogen 12.86 

Oxygen 6.48 

100.00 
Dumas  and  Peligot,  considering  the  base  of  spermaceti  to  be 
athal,  and  its  acids  margaric  and  oleic,  have  proposed  the  follow- 
ing formula : 

'  2  ats.  margarate  f  2  atoms  margaric  acid  (0^4  H32  O3)  2' 

of  atbal.         \  2  atoms  athal (C32  H33  O  )  2 

1  atom  oleic  acid  ....  (C^^  11  ^^  O^) 


QQ 


f  1  atom  oleic  acid  ....  (C^^ll^^O^) 

2  atoms  oloate  of -j  1  atom  athal (C32  H33  O  ) 

athal.  (  1  atom  water (        11     O  ) 


C208  H205  O14* 


The  athal  here  mentioned  as  the  base  is  now  considered  as 
composed  of  a  substance  called  cetyly  or  ceten,  and  water.     This 

*  The  formula*  for  margaric  and  oleic  acids  are  those  that  have  lately 
been  given  by  Varrentrapp.  JJ 
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cetyl  or  ceten  is  obtained  from  athal  by  the  action  of  anhydrous 
phosphoric  acid ;  it  is  a  substance  of  an  oily  nature,  and  consists 
of  equal  equivalents  of  carbon  and  hydrogen. 

1  atom  ceten €33  H32 

H     O 


1  atom  water 


1  atom  anhydrous  athal 032  H33  O 


1  atom  water 


H     O 


2  ats.  margarate 
of  ceten. 

1  atom  oleate  of 
ceten. 


1  atom  hydrated  athal 032  H34  O2 

Taking  ceten  as  being  the  probable  base  of  spermaceti,  Dumas 
has  also  proposed  the  following  formula : 

'  2  atoms  margaric  acid  .(C34  H33  O3  )  1 

2  atoms  octen • . . .  (C32  H32        )  | 

2  atoms  water (        H     O    )  [  n      tj      r\ 

'  1  atom  oleic  acid (C44  H39  O4  )  '  ^=^°»  ^^  ^'3 

Q^         uei.«u.  '  1  atom  ceten (C32  H32        ) 

^l  U  atom  water (        H     O    )^ 

But  it  will  be  seen  that  neither  the  percentage  indicated  by 
this  nor  by  the  last  formula  agrees  with  Chevreul's  analysis  of 
spermaceti. 

208  atoms  carbon 1272* 

205  atoms  hydrogen 206 

14  atoms  oxygen 112 


1689 

208  atoms  carbon 1272 

204  atoms  hydrogen 204 

18  atoms  oxygen 104 

1680 


80.06 

12.90 

7.04 

100.00 

80.61 

12.96 

6.64 

100.00 


Analysis  of  Spermaceii 
by  Chevreul. 

Carbon 81.66 

-  Hydrogen 12.86 

Oxygen 6.48 

100.00 


What  has  been  stated  thus  far  is  a  short  account  of  all  that  was 
known  concerning  the  nature  and  composition  of  spermaceti  previ- 
ous to  my  attention  being  attracted  to  this  subject,  and  what  follows 
is  a  detail  of  my  investigations. 

Having  undertaken  some  time  since,  at  the  suggestion  of  Prof. 
Liebig,  to  examine  the  products  afforded  by  the  distillation  of 
spermaceti,  I  arrived  at  certain  results  which  lead  me  to  believe 
that  the  composition  of  this  body  was  not  properly  made  out,  and 
therefore  I  undertook  an  examination  of  it  after  the  most  recent 
methods  for  the  investigation  of  fiitty  bodies. 

*The  atomic  weight  here  taken  for  carbon  is  that  of  Berzelius  (6116),  as 
Chevreurs  calculation  is  made  with  the  same. 
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The  examination  was  directed  to  two  points  in  particular; 
first,  to  the  ascertaining  whether  spermaceti  contained  oleic  acid; 
and  secondly,  whether  the  solid  acid  obtained  by  Chevreul  in  his 
researches  upon  (his  body  was  margaric  acid. 

The  saponification  of  the  spermaceti  being  the  first  step  neces- 
sary in  this  examination,  it  was  of  some  importance  to  make 
use  of  that  method  which  would  bring  about  the  change  the 
most  easily.  Chevreul  digested  the  8|iermaceti  with  a  strong 
solution  of  potash  for  a  number  of  days  to  effect  this  change; 
but  Dumas,  in  speaking  of  the  easiest  manner  of  obtaining 
athal  irom  it,  recommends  that  it  should  be  saponified  by  fusing 
it  with  one  half  its  weight  of  potash,  and  as  by  this  latter  means 
the  process  is  completed  in  about  one  hour,  it  seemed  to  me  the 
more  preferable,  and  was  consequently  adopted. 

Two  ounces  of  spermaceti  was  ^ed  with  one  haJf  its  weight 
of  powdered  potash,  care  being  taken  that  the  temperature  did 
not  rise  above  230^  Fahr.;  the  mass  soon  became  solid;  it  was 
then  allowed  to  cool,  and  afterward  treated  with  boiling  water, 
which  dissolved  that  portion  of  it  which  consisted  of  the  acids 
arising  from  the  saponification  in  combination  with  potash;  the 
other  portion,  consisting  of  athaJ  and  undecomposed  sperma- 
ceti, was  held  in  suspension.  To  the  fused  mass,  treated  as 
just  mentioned  with  boiling  water,  was  added  hydrochloric  acid, 
which  decomposed  the  soap  in  solution  and  liberated  the  acid 
which  it  contained,  and  this  acid,  being  fusible  at  a  temperature 
much  below  that  of  boiling  water,  melted  and  arose  to  the  surface 
along  with  the  athal  and  undecomposed  spermaceti.  This  mix- 
ture upon  cooling  was  again  fused  with  pulverized  potash,  for 
the  purpose  of  acting  upon  that  part  of  the  spermaceti  which 
was  not  yet  decomposed.  After  this  second  fusion  it  was  again 
dissolved  in  hot  water,  which  solution,  holding  athal  in  suspen- 
sion, was  treated  with  a  solution  of  chloride  of  calcium,  and  by 
double  decomposition  a  combination  of  the  acids  resulting  from 
the  saponification  of  spermaceti  and  lime  was  obtained,  which 
though  was  mixed  with  athal. 

The  water  was  filtered  away  from  the  mixture  of  the  lime, 
salt,  and  athal,  and  the  mass,  being  dried,  was  treated  with  warm 
alcohol  of  0.820,  which  dissolved  the  athal,  and  by  repeatedly 
washing  the  lime -salt  upon  a  filter  with  warm  alcohol,  and 
lastly  with   ether,   until   the    liquid   that  passed   through    gave 
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upon  evaporation  no  residue,  it  was  obtained  perfectly  free  from 
athal.  By  this  process  a  small  portion  of  the  lime-salt  is  dissolved, 
which  can  subsequently  be  obtained  by  treating  the  athal  from 
which  the  alcohol  has  been  evaporated  with  ether,  which  leaves 
undissolved  the  lime-salt,  and  this  is  added  to  what  remains  upon 
the  filter. 

The  lime-salt  was  dried,  and  decomposed  by  dilute  hydro- 
chloric acid,  which  furnished  me  with  the  acids  arising  from 
the  saponification,  and  like  most  of  the  fat  acids  it  floats  about 
the  water  in  flakes,  which  melt  and  collect  at  the  surface  if  the 
water  be  heiated. 

Having  now  the  acids  free  from  undecomposed  spermaceti  and 
athal,  the  first  part  of  the  examination — that  is  to  say,  the  exami- 
nation for  oleic  acid — was  carried  on  as  follows : 

ExamiruUionfor  oleic  a4nd  in  spermaceti. — A  portion  of  the  acid 
was  digested  with  water  and  the  protoxide  of  lead,  at  a  tempera- 
ture of  212^  Fahr.,  and  in  the  course  of  a  short  time  a  lead-salt 
was  formed,  which,  after  being  perfectly  dried,  was  treated  with 
cold  ether,  that  dissolved  no  portion  of  the  salt — a  circumstance 
that  could  not  have  occurred  had  the  oleate  of  lead  been  present, 
as  this  salt  is  soluble  in  ether,  and  it  is  one  of  the  means  used  to 
separate  oleic  acid  from  other  fatty  acids. 

The  above  is  the  most  direct  way  that  we  have  of  deciding 
upon  the  presence  of  oleic  acid,  and  the  indication  which  it  affords 
in  the  present  case  was  of  too  positive  a  character  to  admit  for  a 
moment  the  existence  of  this  acid  in  the  substance  examined. 
But  this  single  evidence,  although  sufficient  of  itself,  has  other 
indirect  proofe  to  support  it. 

Eedenbacker,*  in  his  examination  of  the  products  of  the  dis- 
tillation of  oleic  acid,  observed  the  fact  that  if  this  acid  or  any 
substance  containing  it  be  distilled  sebacic  acid  is  invariably 
formed.  To  this  test  spermaceti  has  been  subjected  by  both  Reden- 
backer  and  myself,  with  similar  results ;  that  is  to  say,  that  in  the 
products  afibrded  by  the  distillation  of  spermaceti  no  trace  of  se- 
bacic acid  is  to  be  found. 

The  products  furnished  by  the  oxidation  of  spermaceti  by 
nitric  acid   is  another  proof  of  the  non-existence  of  oleic  acid 

*Kedenbacker,  properly  speaking,  was  the  first  to  generalize  this  fact, 
for  it  has  been  a  long  while  since  it  was  observed. 
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in  this  substance.  Laurent  and  subsequently  Bromeis  have  shown 
that  when  oleic  acid  is  oxidized  by  nitric  acid  suberic  acid  is  one 
of  the  most  abundant  products  of  this  decomposition.  Now  if 
spermaceti  be  oxidized  by  nitric  acid,  no  trace  of  suberic  acid  is 
furnished. 

Having  then  the  support  of  both  direct  and  indirect  evi- 
dence, I  do  not  hesitate  to  affirm  that  spermaceti  contains  no 
oleic  add. 

A  question  necessarily  arising  from  this  fact  was,  what  was 
the  acid  that  Ghevreul  had  taken  for  oleic  acid  ?  To  decide 
this  the  following  steps  were  taken :  That  portion  of  the  acid  ob- 
tained from  the  lime-salt  which  had  not  been  digested  with  the 
oxide  of  lead  was  treated  with  carbonate  of  soda,  this  forming 
a  soda-salt,  which,  being  dissolved  in  hot  water,  was  decomposed 
by  tartaric  acid.  The  fat  acid  thus  liberated  from  the  soda  was 
dissolved  in  warm  alcohol,  and  upon  allowing  the  solution  to 
cool  a  considerable  quantity  of  the  acid  crystallized  out.  The 
alcohol  was  poured  off  this  crystalline  deposit  and  concentrated 
by  evaporation,  from  which  another  portion  of  the  acid  was 
allowed  to  crystallize.  The  alcohol  was  decanted  a  second  time, 
concentrated,  and  allow^ed  to  cool,  and  by  repeating  this  four 
or  five  times,  and  at  last  evaporating  all  the  alcohol  away,  there 
was  left  a  small  quantity  of  a  solid  fatty  mass,  which  evidently 
still  contained  a  considerable  portion  of  the  same  acid  that  had 
been  crystallized  from  the  alcoholic  eolution.  Tjiis  acid  had  a 
melting  point  of  68°  Fahr.,  and  consisted  of  a  mixture  of  a  fluid 
and  solid  acid,  but  it  was  impossible  to  obtain  the  former  in  a  state 
of  purity,  and  as  consequently  no  accurate  examination  of  it  could 
be  made  none  was  undertaken. 

The  fluid  acid  that  composed  a  portion  of  this  mass  was  in 
too  inconsiderable  a  quantity  to  be  considered  an  essential  con- 
stituent of  spermaceti,  particularly  too  as  its  presence  can  be 
plausibly  accounted  for.  Spermaceti  as  it  exists  in  nature  is 
mixed  with  an  oil,  from  which  it  is  separated  by  pressure  for 
domestic  use;  now  it  is  impossible  that  by  simple  pressure  we 
should  be  able  to  deprive  the  spermaceti  completely  of  this  oil ; 
but  in  Chevreul's  analysis,  as  well  as  in  mine,  the  spermaceti 
of  commerce  was  treated  with  hot  alcohol  of  0.820 ;  still  there 
are  many  reasons  for  supposing  that  even  by  this  means  it  is 
impossible  to  extract  nil  the  oil,  either  from  the  fact  that  the 
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oil  is  not  more  soluble  in  alcohol  than  the  spermaceti,  or  that 
the  attraction  that  the  oil  and  spermaceti  have  for  one  another 
is  too  strong  to  be  overcome  by  this  means.  Of  the  truth  of  this 
latter  supposition  we  have  many  similar  examples,  particularly 
among  the  fats — a  circumstance  which  renders  their  examination 
to  the  present  day  incomplete  and  imperfect.  At  some  future 
time  my  attention  will  be  directed  to  the  examination  of  sperma- 
ceti prepared  in  a  different  manner  from  that  pursued  in  the  pres- 
ent case,  particularly  with  the  object  of  ascertaining  whether  sperm- 
aceti can  not  be  so  purified  as  that  its  saponification  will  give  rise 
to  no  fluid  acid. 

Thus  then,  as  regards  the  existence  of  a  fluid  acid  in  sperma- 
ceti, all  that  can  be  said  is  that  from  the  small  quantity  found, 
and  from  other  reasons  just  stated,  there  are  strong  grounds  for 
believing  that  it  contains  none,  and  that  what  has  been  found  is 
due  to  an  impurity  which  is  not  removed  by  alcohol  of  0.820. 

Solid  cLcid  residiing  from  the  saponificcUion  of  spermaceti.  —  I 
come  now  to  the  second  part  of  the  examination,  and  by  far 
the  most  interesting — that  of  the  solid  acid  obtained  from  the 
saponification  of  spermaceti ;  for  it  is  this  and  a  thai  that  are  the 
essential  products  resulting  from  the  action  of  potash  upon  sperm- 
aceti. 

The  solid  acid  obtained  in  that  part  of  the  examination  which 
was  directed  to  ascertaining  the  presence  of  a  fluid  acid  in  sperm- 
aceti, and  which  was  crystallized  out  of  alcohol,  was  found  to  be 
nearly  in  a  state  of  purity.  This  was  dissolved  in  a  mixture  of 
equal  parts  of  alcohol  and  ether,  and  allowed  to  crystallize  out. 
This  operation  was  repeated  two  or  three  times,  and  the  crystalline 
deposit  was  then  thrown  upon  a  filter  and  washed  with  cold  alcohol 
of  0.820.  The  acid  thus  obtained  was  pure,  and  possessed  the 
following  properties ; 

It  melted  at  130°  Fahr.,  and  upon  cooling  crystallized  in  small 
needles,  diverging  from  a  number  of  centers,  and  when  cool  is 
white;  it  resembles  somewhat  in  appearance  wax,  it  being 
slightly  translucent.  It  was  dissolved  in  all  proportions  by  al- 
cohol of  0.820  at  140°  Fahr,,  and  upon  cooling  crystallized  out 
in  small  needles,  which  collected  together  in  the  form  of  moss 
and  sometimes  in  that  of  cauliflower;  from  this  the  alcohol  can 
be  poured  so  as  to  leave  it  almost  perfectly  dry.  Out  of  ether 
this  acid  crystallized  with  difficulty,  owing  to  its  excessive  solubil- 
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ity  in  this  menstruum.  When  heated  to  a  high  degree  it  vola- 
tilizes without  leaving  a  residue.  The  alcoholic  solution  reddens 
litmus. 

The  physical  properties  of  this  acid  will  be  seen  to  differ  from 
those  of  margaric  acid,  which  it  has  been  supposed  to  be ;  but 
there  is  no  striking  difference  between  these  two  bodies  in  composi- 
tion, as  will  be  seen  in  the  results  afforded  by  the  analysis  of  this 
body. 

Exp.  1. — 0.2815  gramme  of  the  acid  burnt  with  the  bioxide  of 
copper  gave*  0.7725  gramme  carbonic  acid,  and  0.320  gramme 
water. 

Exp.  2. — 0.2325  gramme  of  the  acid  burnt  with  the  bioxide 
of  copper  gave  0.637  gramme  carbonic  acid,  and  0.261  gramme 
water. 

Exp.  3. — 0.328  gramme  of  the  acid  burnt  with  the  chromate 
of  lead  gave  0.890  gramme  carbonic  acid,  and  0.3685  gramme 
water. 

These  three  analyses  furnish  the  following  proportions  of  car- 
bon, hydrogen,  and  oxygen  in  100  parts  of  the  acid  : 

Carbon 76.44  76.81  74.64  76.18t 

Hydrogen 12.60  12.47  12.46  12.61 

Oxygen 12.96  12.22  12.90  12.86 

100.00  100.00  10000  100.00 

Having  thus  found  the  relative  proportions  of  the  elements 
contained  in  this  acid,  it  was  necessary  to  examine  one  of  its 
salts  to  ascertain  its  atomic  composition,  and  for  this  purpose, 
as  in  most  cases,  its  combination  with  the  oxide  of  silver  was 
chosen ;  but  to  form  this  salt  it  was  necessary  first  to  form  its 
soda-salt. 

Soda-salt. — A  portion  of  the  acid  was  digested  with  a  solution 
of  carbonate  of  soda  until  a  complete  combination  had  taken 
place,  which  is  easily  known  by  the  acid  no  longer  floating  on 
its  surface,  it  having  all  united  with  the  soda,  forming  a  salt 
soluble  in  water.      The  solution  of  this  salt,  which  contained 

*A11  my  calculations  are  made  with  the  atomic  weight  of  carbon  given 
by  Liebig  and  Redenbacker  (75.86  oxygen  being  considered  100,  or  6.068 
hydrogen  being  taken  as  unity). 

tComposition  of  margaric  acid  after  the  analysis  of  Varrentrapp :  Car- 
bon, 76.36;  hydrogen,  12.33;  oxygen,  12.82. 
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an  excess  of  carbonate  of  soda,  was  evaporated  to  dr3mess  in  a 
water-bath,  and  the  dry  mass  pulverized  was  treated  with  abso- 
lute alcohol,  which  dissolved  the  soda-salt  and  not  the  carbonate 
of  soda ;  from  this  the  alcoholic  solution  was  separated  by  filtra- 
tion, and  this  last,  evaporated  to  dryness,  famished  the  salt  per- 
fectly pure. 

Silver-fiaU. — ^This  salt  was  formed  by  a  double  decomposition 
of  the  salt  just  described  and  nitrate  of  silver.  The  soda  was 
dissolved  in  water,  and  to  this  was  added  a  solution  of  nitrate  of 
silver,  which  produced  a  white  flocculent  precipitate,  the  salt 
in  question.  This  precipitate  was  thrown  on  a  filter  and  well 
washed  with  warm  distilled  water,  and  dried  at  212°  in  the  dark. 
This  silver-salt  when  burnt  in  a  porcelain  crucible  gave  the  follow- 
ing results : 

Exp.  1. — 0.882  gramme  silver-salt  gave  0.098  gramme  silver. 
Exp.  2. — 0.889  gramme  silver-salt  gave  0.117  gramme  silver. 
Exp.  8. — 0.5765  gramme  silver-salt  gave  0.1705  gramme  silver. 

Out  of  these  the  following  percentage  of  silver  and  oxide  of 
silver  in  the  salt  was  calculated : 

Exp.  1. — ^29.56  silver;  81.76  oxide  of  silver. 

Exp.  2.-29.89  silver;  81.57  oxide  of  silver. 

Exp.  8.-29.69  silver;  81.77  oxide  of  silver. 

From  the  same  analyses  the  atomic  weight  of  the  anhydrous 
acid  was  calculated  to  be  from 

Exp.  1.— 250.00 1 

Exp.  2.— 251.52  iMean 250.24 

Exp.  8.-249.86  J 

The  silver-salt  was  now  analyzed  with  bioxide  of  copper  to 
ascertain  the  quantity  of  carbon  and  hydrogen  that  it  contained. 

1. — 0.4735  gramme  silver-salt  burnt  with  the  bioxide  of  copper 
gave  0.910  gramme  carbonic  acid  and  0.3596  gramme  water. 

2. — 0.483  gramme  silver-salt  burnt  with  the  bioxide  of  copper 
gave  0.934  gramme  carbonic  acid  and  0.3705  gramme  water. 

From  these  analyses  we  find  in  100  parts  of  the  salt : 

1  2  Mean. 

Carbon 52.84  53.15  58.00 

Hydrogen 8.42  8.52  8.47 

Oxygen 7.04  6.63  6.83 

Oxide  of  silver 81.70  81.70  81.70 

100.00         100.00  100.00 
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Out  of  this  the  following  formula  is  calculated : 

In  100  parts. 

Atoms.                                       Atomic  weight.  Calculated.  Found. 

82     Carbon 194.18  53.16  53.00 

81  Hydrogen 31.00  8.48                  8.47 

8     Oivgen 24.00  6.57                  6.83 

1     Oxide  of  silver 116.13  31.79  81.70 

865.31  100.00  100.00* 

The  anhydrous  acid  is  constituted  as  follows : 

Atoms.                                                           Atomic  weight.  In  100  parts. 

32     Carbon....; 194.18  77.92 

31  Hvdrogen 31.00  12.44 

8     Oxygen 24.00  9.64 

249.18  100.00 

The  atomic  weight  of  this  acid,  found  by  burning  the  silver 
salt,  was  250.24.  The  acid  not  in  combination  with  a  base  con- 
tains one  atom  of  water,  and  has  for  its  composition  : 

In  100  parts. 

Atoms.                                       Atomic  weight  Calculated.  Found. 

32  Carbon 194.18  75.21  75.13 

82  Hydrogen 32.00  12.39  12.51 

4    Oxygen 82.00  12.40  12.36 

258.18  100.00  100.00 

After  the  results  afforded  by  these  analyses  it  is  impossible 
to  confound  this  acid  with  margaric  acid,  and  particularly  too 
as  its  composition  agrees  with  that  of  another  acid,  described  by 
Dumas  and  Stass  under  the  name  of  athalic  acid,  and  which  they 
obtained  by  acting  upon  athal  tuitJi  potash  at  a  temperature  of  from 
390°  to  410°  Fahr.  The  acid  then  which  has  just  been  described, 
and  which  was  obtained  from  the  saponification  of  spermaceti,  is 
athalic  add. 

The  athal  that  Chevreul  mentions  as  being  the  base  of  sperma- 
ceti, and  related  to  it  as  glycerine  is  to  the  other  fats,  was  found  to 
be  of  the  same  nature  that  he  describes  it  to  be. 


Atoms.  In  100  parts. 

♦Margarate  of  silver,  34  Carbon 206.81            54.57 

38  Hydrogen   33.00              8.65 

3  Oxvgen 24.00              6.80 

1  Oxide  of  silver 116.13            80.48 


879.44  100.00 
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Ckmdudon  as  regards  Ihe  CompositUnh  of  Spermaceti  eansidered 
as  a  fat,  —  Before  coming  to  this  conclusion  a  resumS  will  be 
made  of  the  results  that  have  been  arrived  at  in  the  different 
steps  of  this  investigation.  As  regards  aihal,  or  what  is  con- 
sidered the  base  of  spermaceti,  nothing  has  been  brought*  to 
light  to  change  in  any  way  the  statements  made  concerning 
its  nature.  Oleie  and  margaric  acids  have  been  proved  not  to 
exist  in  spermaceti.  Prom  the  saponification  of  spermaceti,  pre- 
pared as  it  was  for  these  experiments,  a  small  quantity  of  a  fluid 
acid  was  obtained,  but  for  reasons  before  stated  considered  as 
an  impurity.  The  acid  product  arising  from  the  saponification 
of  spermaceti  was  found  to  consist  almost  entirely  of  aihalic 
add. 

Prom  these  facts  spermaceti^  considered  as  a  fat  (I  make  this 
qualification,  as  a  little  farther  on  it  will  be  attempted  to  be 
shown  that  it  is  not,  properly  speaking,  a  fatty  body),  is  com- 
posed of  one  acid  and  one  base,  the  former  being  athalic  add 
and  the  latter  athal,  and  it  is  therefore  an  aihalaie  of  aihal,  con- 
sisting of 

Atomic  weight. 
One  atom  anhydrous  athalic  acid..     C32H31O3         249.18 

One  atom  anhydrous  athal C32H33O  235.18 

One  atom  spermaceti C64H64O4         484.36 

That  this  is  no  doubt  the  true  composition  of  spermaceti  will 
be  seen  by  the  results  afforded  by  the  analysis  of  this  substance 
prepared  by  crystallizing  it  out  of  absolute  alcohol. 

Exp.  1. — 0.306  gramme  spermaceti  burnt  with  the  bioxide 
of  copper  gave  0.8945  gramme  carbonic  acid  and  0.370  gramme 
water. 

Exp.  2. —  0.2385  gramme  spermaceti  burnt  with  the  bioxide 
of  copper  gave  0.691  gramme  carbonic  acid  and  0.282  gramme 
water. 

Exp.  3. — 0.408  gramme  spermaceti  burnt  with  the  chromate 
of  lead  gave  1.198  gramme  carbonic  acid  and  0.486  gramme 
water. 

Exp.  4. — 0.314  gramme  spermaceti  burnt  with  the  bioxide  of 
copper  and  oxygen  gave  0.913  gramme  carbonic  acid  and  0.370 
gramme  water. 

Exp.  5. — 0.212  gramme  spermaceti  burnt  with  the  bioxide  of 
copper  and  chlorate  of  potash  gave  0.625  gramme  carbonic  acid 
and  0.252  gramme  water. 
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Comparing  the  percentage  of  carbon,  hydrogen,  and  oxygen 
afforded  by  these  experiments  with  that  given  by  the  supposed 
composition  of  spermaceti  (C64H64O4),  we  have  in  100  parts: 

Found. 

Atoms.  Atw'ght.  Calcul.          12               8               4  5 

Carbon 64     388.36      80.18      80.36      79.66      80.70  79.91  81.08 

Hydrogen...     64      64.00      18.22       13.63      18.12      13.23  18.40  13.21 

Oxygen 4      32.00        6.60        6.11         7.22        6.07  6.69  6.71 

484.36    100.00    100.00    100.00    100.00    100.00    100.00 

IXstiUation  of  Spemmceti, — The  products  furnished  by  the  dis- 
tillation of  spermaceti  were  examined  some  time  since  by  Bussy 
and  Lecanu ;  but  they  appear  to  have  fallen  into  the  same  error 
with  regard  to  them  as  was  committed  in  the  analysis  of  sperma- 
ceti, for  they  state  that  oleic  and  margaric  acids  were  among  the 
products. 

To  make  a  correct  examination  of  the  products  of  the  distil- 
lation of  spermaceti  it  was  necessary  that  the  substance  should 
be  in  the  greatest  state  of  purity,  as  the  presence  of  the  small- 
est quantity  of  tallow,  sometimes  used  as  a  means  of  adulteration, 
would  serve  to  lead  one  into  error.  The  manner  of  purification 
here  employed  was  to  dissolve  the  spermaceti  in  a  mixture  of  two 
parts  of  alcohol  of  0.820  and  one  part  of  ether,  allowing  it  to 
crystallize  out,  and  washing  the  crystals  with  boiling  alcohol  of 
0.820. 

K  some  of  the  spermaceti  purified  as  just  mentioned  be  placed 
in  a  small  retort,  and  this  last  in  mercury  heated  to  its  boiling- 
point,  the  spermaceti  will  be  found  to  distill  over  slowly ;  and  in 
fact  this  appears  to  be  the  lowest  temperature  at  which  the  dis- 
tillation takes  place — a  temperature  of  about  600°  Fahr.  The 
matter  distilled  possesses  no  longer  the  properties  of  spermaceti ; 
its  melting  is  at  a  temperature  somewhat  lower,  and  it  has  a 
strong  acid  reaction  on  litmus-paper,  as  well  as  a  peculiar  smell, 
which  though  is  not  at  all  that  of  acroldne* 


*  If  tallow  be  heated  until  it  dietills,  it  will  be  found  to  possess  an  odor 
which  irritates  both  the  nostrils  and  eyes,  and  the  substance  to  which  this 
odor  belongs  is  called  acroleine,  and  is  a  product  of  the  decomposition  of 
the  glycerine  in  the  tallow.  It  has  been  found  that  all  fatty  bodies  that 
contained  glycerine,  when  heated  suflBciently  high,  give  the  same  odor,  and 
it  has  therefore  become  the  test  for  the  glycerine  in  them. 
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If  the  products  afforded  by  the  distillation  be  digested  with 
water,  and  this  water  be  examined,  it  will  be  found  not  to  possess 
the  slightest  acid  reaction ,  a  fact  of  considerable  importance,  and 
one  that  has  been  mentioned  in  a  former  part  of  this  article  as 
an  evidence  of  the  non-existence  of  oleic  acid  in  spermaceti ;  oleic 
acid  or  any  of  its  compounds  always  furnishing  by  distillation 
sebacic  acid,  an  acid  soluble  in  water.  The  water,  moreover,  will 
be  found  to  have  taken  up  nothing,  it  having  simply  acquired 
a  slight  odor  resembling  that  of  the  mass  with  which  it  was  di- 
gested. 

The  steps  taken  to  ascertain  the  nature  of  the  products  were 
the  following:  The  mass  obtained  irom  the  distillation  was  di- 
gested with  a  solution  of  potash  for  an  hour  or  two,  and  to  this, 
placed'  in  a  convenient  vessel,  was  added  ether,  and  the  two  agi- 
tated together,  and  then  allowed  to  repose.  The  ether  arose  to 
the  sur&ce,  containing  in  solution  certain  products.  This  was 
drawn  off  and  a  fresh  portion  added,  and  the  agitation  repeated. 
This  operation  was  carried  on  until  nothing  remained  that  was 
loluble  in  this  menstruum. 

The  ether  was  evaporated  and  a  residue  obtained  consisting 
of  an  oily  fluid  holding  spermaceti  in  solution.  The  separation  of 
the  oil  from  the  spermaceti  was  attended  with  considerable  diffi- 
culty ;  but  by  the  aid  of  pressure  at  a  very  low  temperature,  and 
careful  distillation,  a  small  quantity  of  the  oil  was  obtained  toler- 
ably pure. 

0.222  gramme  of  the  oil  burnt  with  the  bioxide  of  copper 
gave  0.688  gramme  carbonic  acid  and  0.282  ii^ater,  and  this  in 
one  hundred  parts  gives 

Carbon 85.04 

Hydrogen 14.12 


99.16 


These  numbers  show  it  to  be  a  carbureted  hydrogen,  com- 
posed of  equal  equivalents  of  cafbon  and  hydrogen;  and  this, 
together  with  such  of  its  physical  properties  as  I  had  been  able 
to  examine,  led  me  into  the  belief  that  it  was  ceteuy  the  car- 
bureted hydrogen  already  spoken  of  as  the  supposed  base  of 
cdhaL  Considering  this  oil  to  be  ceteUf  its  composition  is  repre- 
sented by — 
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In  100  parts. 

Atoms.  Atomic  weight.      Calculated.  Found. 

32    Carbon 194.18  85.86  86.04 

32     Hydrogt  n 32.00  14.16  14.12 

226.18  100.00  99.16 

The  solution  which  had  been  treated  with  ether  web  now  per- 
fectly transparent,  and  contained  potash  in  combination  with  the 
acid  products  resulting  from  the  distillation.  To  this  was  added 
a  solution  of  chloride  of  calcium,  by  which  means  an  insoluble 
compound  of  the  acids  and  lime  was  formed,  and  this,  being 
decomposed  by  hydrochloric  acid,  furnished  the  acids  for  exami- 
nation. 

Although  it  was  evident  from  what  had  been  before  done  that 
no  oleic  acid  could  be  present,  yet  to  prevent  any  doubt  I  made 
a  direct  examination  for  this  acid  by  digesting  a  portion  of  the 
acid  mass  with  water  and  oxide  of  lead,  and  then  treating  the 
lead-salt  thus  formed  with  ether,  which  dissolved  no  portion  of  it. 
The  portion  of  the  acid  product  not  digested  with  the  oxide  of 
lead  was  found  to  consist  of  a  solid  acid,  mixed  with  a  very  small 
quantity  of  a  fluid  one,  which  I  considered  to  be  the  same  that  has 
been  before  mentioned  as  a  probable  impurity  of  spermaceti,  and 
for  the  same  reasons  then  stated  it  was  impossible  to  make  any 
examination  of  it. 

The  solid  acid  which  was  obtained  pure  by  repeated  crystal- 
lization out  of  alcohol  exhibited  the  same  physical  properties 
as  well  as  chemical  composition  as  the  acid  obtained  from  the 
saponification  of  spermaceti,  and  which  has  been  shown  to  be 
athcdic  add, 

0.2715  of  the  acid  gave  0.739  gramme  carbonic  acid  and  0.306 
gramme  water,  making  in  one  hundred  parts : 

Hydrated  athaUc  acid. 

Carbon 76.00  76.21 

Hydrogen 12.62  12.89 

Oxygen 12.48  12.40 

100.00  100.00 

0.8626  gramme  of  the  silver -salt,  when  burnt,  gave  0.254 
gramme  silver,  which  indicates  in  one  hundred  parts  29.44  silver, 
31.61  oxide  of  silver,  and  an  atomic  weight  of  250. 

0.481  gramme  of  the  silver-salt  burnt  with  the  oxide  of  copper 
gave  0.932  gramme  carbonic  acid  and  0.368  gramme  water.     The 
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percentage  afforded  by  this  will  serve  to  show  the  identity  between 
it  and  ailudw  add.  i^  i^  ^^ 


Athalate  of  silver.       Atoms.  Atomic  weight.  Calculated.  Found. 

Carbon 82               194.18               68.16  58.28 

Hydrogen 81                  81.00                 8.48  8.60 

Oxygen 8                 24.00                 6.67  6.61 

Oxide  of  silver.      1                116.18               81.79  81.61 


866.81  100.00  100.00 

In  the  distillation  of  spermaceti  there  are  other  products  found 
than  those  just  mentioned ;  but  they  appear  only  toward  the  latter 
end  of  the  process,  and  result  from  an  elementary  decomposition. 
They  are  water,  carbonic  acid,  carbonic  oxide,  and  gaseous  carbu- 
reted hydrogen,  carbon  being  left  behind  in  the  retort ;  and  these 
products  are  very  small  in  quantity,  except  when  the  vessel  is  very 
deep  and  the  heat  strong. 

If  proper  care  be  taken,  spermaceti  can  be  distilled  almost  com- 
pletely, there  being  left  behind  an  exceedingly  small  black  residue. 
A  circumstance  which  facilitates  this  complete  distillation  is  having 
kept  the  spermaceti  for  some  time  at  the  temperature  of  about  550^ 
to  600^  Fahr. 

The  results  of  the  investigations  upon  the  distillation  are,  first, 
that  it  is  impossible  to  distill  spermaceti  without  more  or  less  of 
it  undergoing  decomposition ;  and  secondly,  that  the  products  of 
this  decomposition  are  ceten  and  athaliG  add;  which  fact  serves  to 
substantiate  the  correctness  of  the  formula  already  taken  for  sperm- 
aceti, thus : 

One  atom  ceten C32  H32 

One  atom  hydrated  athalic  acid 03a  H32  O4 

One  atom  of  spermaceti G64  H64  O4 

Nature  op  Spermaceti. 

From  the  foregoing  researches  I  feel  somewhat  prepared  to 
speculate  upon  the  true  nature  of  spermaceti ;  for  although  it  may 
be  difficult  to  arrive  at  any  positive  conclusion  with  regard  to  it, 
still  we  should  not  be  deterred  from  forming  a  judgment  upon 
probabilities. 

For  many  reasons  spermaceti  would  appear  not  properly  to 
belong  to  the  class  of  fatty  bodies,  and  consequently  not  composed 
of  an  acid  and  a  base.     The  fats,  properly  speaking,  are  known  to 
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be  composed  of  acids,  more  or  less  different  in  their  nature,  in 
combination  with  glycerine ;  and  when  Chevreul  found  athal,  as  in 
spermaceti,  accompanied  with  an  acid,  he  considered  athal  as  the 
base  in  this  case,  as  well  as  making  it  the  great  mark  of  distinction 
between  spermaceti  and  the  fats. 

Before  going  on  to  state  the  reasons  why  spermaceti  should  not 
be  considered  a  fat,  it  would  be  well  to  mention  what  I  suppose  to 
be  its  proper  position  among  the  organic  bodies.  Spermaceti  ought 
properly  to  be  classed  with  cholederine  and  athal,  although  approach- 
ing nearer  to  the  fats  than  either  of  these  substances ;  and  that 
both  the  athalic  acid  and  athal  resulting  from  the  saponification 
are  simply  products  of  decomposition  brought  about  by  the  action 
of  an  alkali,  neither  of  them  existing  ready  formed. 

The  first  reason  for  so  believing  is  based  upon  the  extreme  diffi- 
culty with  which  spermaceti  is  saponified,  it  requiring  to  be  digested 
for  a  number  of  days  in  a  strong  solution  of  potash  or  soda,  or  to 
be  fused  with  the  same  alkalies  at  a  temperature  of  from  212°  to 
220°  Fahr.  before  this  change  takes  place.  Now  from  the  experi- 
ments of  Dumas  and  others,  it  will  be  seen  that  the  action  of  hy- 
drated  potash  upon  organic  substances,  at  a  temperature  more  or 
less  elevated,  is  to  decompose  them  by  changing  their  molecular 
arrangement,  and  that  among  the  products  formed  acids  play  the 
most  conspicuous  part.  The  atom  of  water  in  the  alkali  is  often 
important  in  bringuig  about  this  change  by  furnishing. oxygen, 
hydrogen  gas  being  evolved ;  but  the  action  of  this  water  appears 
to  be  but  a  secondary  thing,  and  its  influence  is  only  felt  where 
oxygen  does  not  exist  in  sufficient  quantity  in  the  substance  acted 
upon  by  the  alkali  to  furnish  the  products  that  are  found  with  the 
quantity  that  they  exact. 

The  above  would  appear  to  apply  exactly  to  the  case  in  ques- 
tion. The  spermaceti  contains  oxygen  enough,  which,  when  com- 
bined with  one  half  of  its  other  elements,  serves  to  give  rise  to  an 
acid.  It  is  quite  possible  that  the  action  of  the  alkali,  although 
not  sufficiently  strong  at  the  temperature  of  212°  Fahr.  to  deter- 
mine the  elements  of  the  spermaceti,  to  appropriate  the  atom  of 
water  in  the  alkali  to  its  complete  conversion  into  aihalic  a4nd  (I 
say  complete  conversion  into  athalic  acid,  for  it  will  be  shown  that 
the  action  of  an  alkali  at  a  high  temperature  is  to  convert  sperma- 
ceti entirely  into  athalic  acid),  still  it  is  of  sufficient  energy  to  dis- 
turb its  atomic  arrangement,  most  of  its  oxygen  combining  with 
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one  half  of  the  other  elements  to  form  an  acid  which  unites  with 
the  potash. 

It  may  be  said  that  if  this  explanation  of  the  saponification  of 
spermaceti  be  true,  we  should  apply  the  same  to  the  saponification 
of  all  fate,  no  longer  considering  them  composed  of  acids  and  glyc- 
erine, but  simply  of  carbon,  hydrogen,  and  oxygen,  in  the  proper 
proportions  to  form  them.  But  there  appears  to  me  no  necessity 
for  forming  such  a  conclusion,  as  the  circumstances  attending  the 
saponification  of  spermaceti  and  that  of  the  fate  differ  considerably ; 
and  if  this  difference  be  taken  into  consideration  with  what  follows, 
there  is  no  doubt  that  the  justice  of  this  explanation  will  be  seen. 

Another  reason  for  supposing  that  spermaceti  does  not  consist  of 
an  acid  and  a  base,  or  rather  that  athal  does  not  exist  in  it  ready 
formed,  is  that  in  the  producte  afforded  by  the  distillation  of  sperm- 
aceti no  trace  of  athal  is  to  be  found.  This  fact  is  one  that  should 
be  considered  of  great  value  in  establishing  the  nature  of  sperma- 
ceti, for  there  is  no  way  of  explaining  the  non-existence  of  athal 
among  the  products  of  the  distillation,  except  by  admitting  that 
the  substance  distilled  did  not  contain  it,  for  athal  is  a  body  easily 
volatilized  without  decomposition. 

If,  on  the  contrary,  we  remark  the  action  of  a  strong  solution  of 
potash  upon  spermaceti  at  100°,  we  find  athal  to  be  volatilized  dur- 
ing the  process — an  evidence  of  the  ease  with  which  this  substance 
is  volatilized,  as  well  as  the  necessity  of  an  alkali  for  ite  formation. 

Let  us  compare  with  this  the  action  of  heat  upon  the  fate,  with 
reference  to  the  change  that  the  glycerine  undergoes.  We  find 
that  if  a  fat  be  distilled,  a  portion  of  the  glycerine  is  decomposed, 
giving  rise  to  acroleine  (a  mixture  of  acetic  acid,  etc.),  and 
another  portion  passes  over  undecomposed ;  whereas  in  the  distilla- 
tion of  spermaceti  ite  athal  (supposing  it  to  contain  it)  undergoes 
oomplets  decompositumy  although  athal  distilled  by  iteelf  does  not 
undergo  the  least  decomposition. 

This  second  reason  then  serves  to  increase  the  difference  between 
the  nature  of  spermaceti  and  that  of  the  fate ;  but  I  am  able  to 
advance  another  fact  stronger  than  either  of  the  above  augmenting 
this  difference. 

Dumas  and  Stass  have  shown  that  if  athal  be  acted  upon  by 
potash  at  a  temperature  of  from  410°  to  428°  Fahr.,  an  acid  is 
the  result,  which  acid  they  called  cdhcdic  add — the  same  that  has 
been  shown  to  result  from  the  saponification  of  spermaceti,  where 
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the  same  alkali  was  employed,  but  at  a  much  lower  temperature. 
The  action  then  of  potash  upon  spermaceti,  assisted  by  the  proper 
temperatures,  is  to  produce  but  one  body,  athalic  acid,  which  circum- 
stance would  hardly  take  place  were  spermaceti  composed  of  two 
or  more  proximate  principles.  We  have  no  similar  example  among 
the  fats. 

Although  cholesterine  does  not  undergo  any  change  by  the 
action  of  a  solution  of  potash  at  212°  Fahr.,  still  the  analogy 
between  it  and  the  spermaceti  may  exist,  for  it  must  be  observed 
that  cholesterine,  having  an  atomic  weight  of  more  than  one  half 
that  of  spermaceti,  contains  only  one  atom  of  oxygen,  and  not 
sufficient  to  give  rise  to  an  acid  without  the  aid  of  an  additional 
quantity ;  and  it  is  probable  that  if  cholesterine  be  treated  with 
an  alkali  at  a  high  temperature,  that  an  acid  similar  to  athalic 
acid  would  be  the  result,  for  then  oxygen  would  be  furnished  from 
the  water  of  the  hydrated  alkali. 

For  the  above  reasons  spermaceti  should  be  considered  a  simple 
organic  substance,  having,  as  already  shown,  for  its  composition, 
C64  H64  O4.  The  action  of  an  alkali  upon  it  produces  a  decompo- 
sition, which  may  be  represented  thus : 

Anhydrous  athalic  acid  in  combination  with  the  |  ri     tt     r* 
alkali ;  ^3^  -^31  «3 

And    hydrated    athal,  its  atom  of  water  being  "| 

obtained  from  the  alkali  in  combination  with  >  C^a  H33  O  +  HO 
the  athalic  acid J 

Spermaceti,  plus  one  atom  of  water C64  H64  O4  -f-  HO 

Under  the  head  of  the  distillation  of  spermaceti  the  decomposi- 
tion brought  about  by  the  action  of  heat  was  shown  to  be  repre- 
sented thus : 

Hydrated  athalic  acid C32  H32  O4 

Ceten 033  H3a 

Spermaceti     C64  H64  O4 

Oxidation  of  Spekmaceti. 

Having  made  mention  of  the  oxidation  of  spermaceti  as  one 
of  the  evidences  of  the  non-existence  of  oleic  acid  in  this  sub- 
stance, I  shall  give  a  short  statement  of  what  has  been  done  under 
this  head,  although  but  little,  owing  to  the  difficulty  of  isolating 
the  products  that  are  formed. 

When  nitric  acid  and  spermaceti  are  heated  together  a  gentle 
action  takes  place,  and  nitrous-acid  fumes  are  given  off;  at  the  end 


Digitized  by 


Google 


DISTILLATION  OF  SPERMACETI.     *  21 

of  three  or  four  days  the  spermaceti  still  floats  upon  the  sur&ce  of 
the  acid,  but  considerably  changed  in  its  nature,  having  nearly  the 
consistency  of  hog's  lard  and  an  odor  of  rancid  butter,  owing  prob- 
ably to  the  presence  of  phocenic  or  butyric  acid,  but  I  am  more 
inclined  to  believe  phocenic  acid,  as  this  acid  is  found  in  the  oil,  in 
connection  with  which  spermaceti  is  found  in  its  natural  state,  and 
the  spermaceti  may  no  doubt  play  some  part  in  its  formation. 
This  fact  is  interesting  and  worthy  of  future  examination. 

The  action  of  the  acid  being  continued  (renewing  it  as  it  evap- 
orates), in  about  ten  days  the  spermaceti  is  in  complete  solution 
when  the  liquid  is  hot,  and  at  the  expiration  of  eighteen  or  twenty 
days  the  oxidation  is  completed,  and  if  the  solution  be  concen- 
trated a  crystalline  deposit  takes  place. 

The  examination  of  the  products  formed  is  as  yet  imperfect ; 
the  following  is  all  that  has  been  done  that  can  be  relied  upon  as 
accurate. 

After  the  completion  of  the  oxidation  the  mass  was  thrown 
upon  a  funnel  containing  in  its  neck  a  bit  of  asbestus ;  the  fluid 
was  thus  separated  from  the  crystalline  deposit,  which  was  washed 
with  strong  nitric  acid.  The  fluid  that  passed  through  upon  con- 
centration furnished  more  of  the  same  crystals. 

The  crystalline  mass  in  the  funnel  gave  upon  examination  no 
traces  of  suberic  acid,  but  when  dissolved  in  warm  water  and 
allowed  to  cool  a  deposit  slowly  took  place  having  the  form  of  little 
grains  and  the  appearance  of  starch.  Its  reaction  is  strongly  acid, 
and  when  crystallized  several  times  from  its  aqueous  solution,  and 
dried  at  212°  Fahr.,  it  has  a  melting  point  of  298°  Fahr.  It 
sublimes  easily  in  feather-formed  crystals;  its  ammoniacal  salt 
does  not  precipitate  the  chlorides  of  lime,  of  baryta,  or  of  strontia, 
the  sulphate  of  copper,  sulphate  of  zinc,  or  neutral  acetate  of  lead. 
With  the  basic  acetate  of  lead  a  precipitate  is  formed,  which  is 
soluble  in  an  excess  of  the  lead  salt.. 

0.3645  gramme  of  this  acid  burnt  with  the  bioxide  of  copper 
gave  0.666  carbonic  acid  and  0.230  water.     In  100  parts: 

Carbon 60.20 

Hydrogen 7.00 

Oxygen 42.80 

100.00 

The  silver-salt  is  easily  formed  by  double  decomposition  with 
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the  ammoniacal  salt  and  nitrate  of  silver.  It  is  slightly  soluble  in 
water  and  not  easily  altered  by  the  action  of  light.  • 

Exp.  1. — 0.525  gramme  of  this  salt  when  burnt  gave  0.294 
gramme  silver. 

Exp.  2. — 0.612  gramme  of  this  salt  when  burnt  gave  0.343 
gramme  silver. 

These  gave  in  100  parts, 

1. — 66.01  silver,  or  60.00  oxide  of  silver. 
2.— 66.06         "         60.19      «  ** 

Burnt  with  the  bioxide  of  copper : 

Exp.  1. — 0.708  gramme  of  silver-salt  gave  0.582  gramme  car- 
bonic acid  and  0.174  gramme  water. 

Exp.  2. — 0.787  gramme  of  silver-salt  gave  0.6465  gramme  car- 
bonic acid  and  0.190  gramme  water. 

These  experiments  give  the  following  percentage : 

1                        2  Mean. 

Carbon 22.66  22.60  22.68 

Hydrogen 2.68                  2.68  2.68 

Oxygen 14.67  14.63  14.66 

Oxide  of  silver 60.09  60.09  60.09 

100.00  100.00  100.00 

Out  of  this  the  following  formula  of  a  bibasic  salt  is  calculated: 

In  100  parts. 
Atomic  weight.     Calculated.  Found. 

14  atoms  Carbon 84.95  22.18  22.68 

10       "      Hydrogen 10.00  2.66  2.68 

7      "     Oxvgen 66.00  14.66  14.66 

2       "     Oxide  of  silver 232.26  60.61  60.09 

883.20  100.00  100.00 

This  formula  agrees  with  that  of  adipinate  of  silver,  as  made 
out  by  Bromeis,  with  the  unimportant  difference  of  one  atom  of 
hydrogen,  and  its  physical  properties  and  reactions  are  the  same  as 
adapinic  acid.     I  consider  it  as  such. 

None  of  the  other  acids  afforded  by  the  oxidation  of  spermaceti 
have  been  obtained  in  a  state  of  suflScient  purity  to  be  examined. 
There  is,  however,  one  among  them  whose  copper  and  zinc  salts  are 
more  soluble  in  cold  than  in  warm  water,  and  if  a  solution  of  either 
of  them  be  heated  a  precipitate  is  formed,  which  redissolves  upon 
cooling.  This  phenomenon  is  most  striking  in  the  zinc-salt. 
Those  portions  of  the  examination  of  this  subject  that  are  as  yet 
incomplete  I  propose  finishing  at  some  future  time. 
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THE  CALCARIMETER : 

A  NEW  INSTRUMENT  FOR  ESTIMATING  THE  QUANTITY  OP 
CARBONATE  OP  LIME  PRESENT  IN  CALCAREOUS  SUB- 
STANCES. 
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SiUiman's  Joum.,  xlv,  1843,  pp.  262-266. 

Among  the  most  ready  methods  used  for  the  purpose  of  esti- 
mating the  quantity  of  carbonate  of  lime  contained  in  calcareous 
substances  are  Davy's  pneumatic  and  Kogers's  methods,  the  one 
estimating  it  from  the  bulk  of  carbonic  acid,  and  the 
other  by  the  weight  of  the  carbonic  acid  afforded  by  the 
action  of  an  acid.  The  principal  objection  to  the  former 
is  the  complication  of  the  apparatus,  and  for  the  latter  it 
is  necessary  to  be  furnished  with  a  more  than  ordinary 
pair  of  balances,  and  a  set  of  accurate  weights;  whereas 
the  instrument  about  to  be  described  is  free  from  both 
these  objections,  with  the  additional  advantage  of  afford- 
ing more  accurate  results. 

It  appeared  at  first  that  by  taking  a  certain  quantity 
of  the  substance  to  be  examined,  and  letting  fall  upon 
it  by  degrees  a  solution  of  acid,  the  strength  of  which 
we  know,  that  it  might  be  possible  to  estimate  the  quan- 
tity of  carbonate  of  lime  in  the  same  manner  as  the  car- 
bonates of  the  fixed  alkalies  are  estimated.  But  for  this 
to  succeed  it  is  necessary  that  the  substance  should  be 
finely  pulverized,  and  free  from  any  material  soluble  in 
the  acid  used ;  but  as  it  is  not  common  to  be  furnished 
with  these  two  conditions,  another  method  had  to  be 
adopted,  the  principle  of  which  is  to  treat  the  calcareous 
substance  with  an  excess  of  acid,  the  strength  of  which  is 
known,  and  then  to  find  out  the  amount  of  this  excess,  I  J 
thereby  knowing  the  quantity  of  acid  taken  up,  from«.j^^ 
which  we  can  easily  calculate  the  quantity  of  carbonate  of  lime 
present.  In  the  application  of  this  principle  it  will  be  found  that 
any  thing  like  difiScult  manipulation  is  avoided,  and  that  there  is 
no  calculation  required. 

(23) 
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The  first  thing  to  be  furnished  with  is  an  instrument  which 
consists  simply  of  a  tube  about  half  an  inch  in  diameter  and  ten 
inches  long,  having  the  principal  part  of  it  graduated  in  one  hun- 
dred parts.  The  simplest  form  to  be  given  to  this  tube  is  such  as 
is  represented  in  figure  1,  the  extremity  a  being  drawn  out  and 
bent  downward,  leaving  an  opening  so  small  as  to  allow  a  liquid 
to  flow  but  slowly  from  the  tube.  To  the  upper  part,  for  con- 
venience' sake,  is  adapted  a  perforated  cork,  with  a  small  tube. 
This  is  placed  for  the  purpose  of  regulating  the  flow  of  the  fluid, 
by  placing  upon  it  and  withdrawing  from  it  the  finger,  as  we  may 
wish  to  arrest  or  allow  the  liquid  to  flow  from  the  extremity  a. 
With  this  instrument,  that  I  propose  calling  the  Cakarimeter  from 
its  use,  we  must  be  furnished  with  two  fluids,  a  solution  of  muri- 
atic or  nitric  acid  and  a  solution  of  ammonia,  both  of  which  are 
prepared  of  a  certain  strength.* 

Preparation  of  Uie  acid  soliUion. — This  solution  is  prepared  as 
follows :  Weigh  out  fifty  grains  of  dry,  finely-powdered  pure  carbo- 
nate of  lime,  or  what  is  better,  carbonate  of  lime  precipitated 
from  any  of  its  solutions  by  carbonate  of  potash  or  soda.  Place 
this  in  a  capsule  or  other  convenient  vessel;  add  to  it  about  an 
ounce  of  water  (this  is  done  simply  for  the  purpose  of  moderating 
the  action  of  the  acid).  Then  take  the  muriatic  or  nitric  acid  of 
commerce,  dilute  it  with  one  part  of  water.  With  this  liquid  fill 
the  instrument  to  the  100  point;  then  let  the  acid  fall  gently  upon 
the  carbonate  of  lime,  so  as  not  to  create  a  too  great  effervescence ; 
and  by  proceeding  carefully  with  the  aid  of  a  piece  of  litmus- 
paper  we  can  find  the  exact  point  at  which  the  carbonate  of  lime 
is  all  taken  up  by  the  solution  having  an  acid  reaction.  When  we 
see  that  nearly  all  the  lime  is  taken  up  we  proceed  very  cautiously, 
by  adding  but  a  few  drops  of  the  acid  at  a  time,  and  agitating  the 
mixture  considerably  for  the  purpose  of  bringing  the  insoluble  car- 
bonate well  in  contact  with  the  different  parts  of  the  fluid.  When 
the  acid  reaction  commences  the  acid  is  no  longer  added,  and  the 
point  at  which  the  acid  now  stands  in  the  tube  is  marked,  and  by 


*The  capacity  of  the  instrument  from  0  to  100  is  30  c.  c.  m.,  and  the 
length  of  the  graduation  had  better  be  from  eight  to  ten  inches.  Of  course 
this  will  vary  with  the  diameter  of  the  tube.  As  they  are  all  to  be  of  the 
same  capacity,  the  graduation  may  be  made  upon  the  tube  itself,  or  upon  a 
piece  of  paper  and  pasted  on,  then  varnished,  first  with  a  solution  of  gum 
arabic,  and  afterward  with  copal  varnish. 
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subfitracting  that  from  100  we  have  the  number  of  degrees  of  acid 
used  to  dissolve  fifty  grains  of  carbonate  of  lime ;  but  as  it  is 
desired  that  the  liquid  should  be  so  made  as  to  require  60°  of  it 
to  dissolve  fifty  grains  of  the  carbonate,  it  is  diluted  with  the 
proper  quantity  of  water.  For  example,  supjwse  the  fluid  marked 
65°  after  the  experiment ;  this  indicates  that  35°  of  the  acid  solu- 
tion were  required  to  dissolve  the  50  grains.  Now  instead  of  35° 
we  require  it  to  take  50°  to  dissolve  the  same  quantity,  so  that  by 
making  up  the  difference  between  the  thirty-five  and  fifty  with 
water  the  solution  is  prepared  ;  that  is  to  say,  to  every  thirty-five 
parts  of  the  acid  experimented  with  fifteen  parts  of  water  are 
added.  The  solution  can  be  again  tested  if  necessary,  and  slight 
modifications  made. 

Preparation  of  the  alkaline  solution. — The  alkaline  solution  is 
now  prepared  with  ease.  Let  fall  50°  of  the  acid  into  a 
vessel,  then  make  a  mixture  of  equal  parts  of  ammonia 
and  water,  fill  the  instrument  to  the  100°  and  let  it  flow 
upon  the  acid,  and  mark  the  point  at  which  the  acid  is 
neutralized.  Suppose  it  to  be  twenty,  then  80°  have  been 
used  for  that  purpose ;  but  it  must  be  so  made  as  that  it 
will  require  100°;  therefore  to  every  eighty  parts  of  the 
solution  experimented  with  add  twenty  parts  of  water.  In 
making  either  of  these  solutions  one  gallon  can  be  made 
with  the  same  ease  as  one  ounce,  and  moreover,  when  they 
are  once  made,  there  is  never  any  necessity  of  recurring  to 
the  carbonate  of  lime,  as  the  acid  may  now  be  prepared 
with  the  acid  of  the  ammonia. 

Thus  then  50°  of  acid  dissolve  exactly  fifty  grains  of 
pure  carbonate  of  lime,  and  100°  of  the  ammonia  neutral- 
ize fifty  of  the  acid. 

As  using  the  same  tube  for  both  acid  and  alkali  is 
attended  with  some  inconvenience,  having  to  wash  it  out  after  using 
one  before  introducing  the  other,  I  have  used  an  additional  tube 
(fig.  2),  about  the  same  diameter  and  a  little  more  than  half  as 
long  as  the  calcarimeter,  for  the  acid.  It  has  simply  three  marks 
upon  it.  The  capacity  of  the  tube  from  the  point  marked  a  to  the 
lower  extremity  is  equal  to  the  capacity  of  50°  of  the  other  tube, 
and  the  other  two  marks  correspond  to  ten  and  five.  The  use  that 
is  made  of  these  will  be  hereafter  explained. 

Manner  of  performing  the  analysis, — Being  furnished  with  the 
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two  tubes,  the  two  fluids,  a  capsule  or  other  convenient  vessel,  a 
small  piece  of  glass  rod  a  few  inches  long,  a  wine-glass,  and  a  piece 
of  litmus-paper,  a  portion  of  which  has  been  reddened  by  an  acid, 
we  proceed  as  follows :  Weigh  out  fifty  grains  of  the  substance  to 
be  examined,  place  it  in  the  capsule,  and  add  to  it  about  one  ounce 
of  water;  fill  the  instrument  last  described  up  to  the  highest  mark 
upon  the  stem  with  the  acid.  This  is  done  by  holding  it  between 
the  thumb  and  forefinger,  having  the  little  finger  applied  to  the 
lower  opening.  After  the  acid  is  poured  in,  before  withdrawing 
the  finger,  introduce  the  cork,  and  place  the  forefinger  of  the 
other  hand  upon  the  opening  of  the  tube  on  the  cork  for  the  pur- 
pose of  preventing  the  liquid  flowing  out  when  the  lower  opening 
is  left  unprotected.  After  seeing  that  the  acid  stands  exactly  at 
the  mark  it  is  allowed  to  flow  gradually  upon  the  substance. 
After  all  the  action  has  ceased,  stirring  it  toward  the  end  to  insure 
this  result,  we  fill  the  graduated  tube  with  the  solution  of  ammonia, 
in  the  same  manner  as  we  did  the  last,  and  let  it  fall  gradually 
upon  the  mixture  of  acid  and  calcareous  substance,  arresting  at 
will  the  progress  of  the  flow  by  simply  placing  the  finger  upon  a 
tube  in  the  cork.  This  instrument  should  always  be  transferred  to 
the  left  hand  and  held  in  an  inclined  position.  During  the  addition 
of  ammonia  the  mixture  should  be  well  agitated  with  the  glass 
rod,  and  occasionally  tested  by  bringing  a  little  of  it  upon  the  ex- 
tremity of  the  rod  in  contact  with  the  litmus-paper,  and  as  soon  as 
it  ceases  to  turn  this  paper  red,  or  begins  to  turn  the  red  part  of  it 
blue,  the  experiment  is  completed,  and  we  now  look  at  what  num- 
ber of  degrees  the  fluid  stands  in  the  tube,  and  we  are  furnished 
with  the  percentage  of  carbonate  of  lime  contained  in  the  calcare- 
ous substance  examined.*  We  may  be  saved  the  trouble  of  testing 
too  often  by  paying  attention  to  the  strength  of  the  reaction  of 
the  fluid  upon  the  litmus-paper. 

In  most  marls  which  have  served  as  the  subjects  of  my  experi- 
ments more  or  less  alumina  is  to  be  found,  a  part  of  which  is  dis- 
solved by  the  acid,  of  which  part  a  very  good  use  can  be  made. 
While  adding  the  ammonia  the  alumina  immediately  around  where 
the  ammonia  falls  is  thrown  out  of  solution ;  and  if  we  stir  the 

♦If  magnesia  happens  to  be  present  it  will  be  estimated  as  lime ;  but  this 
will  very  seldom  be  a  cause  of  error,  as  it  exists  very  rarely  in  calcareous 
manures,  for  which  this  instrument  is  particularly  intended. 
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liquid,  the  alumina  will  be  redissolved  so,  long  as  there  is  any  free 
acid ;  so  that  when  the  flocks  of  alumina  are  no  longer  taken  up 
we  are  furnished  with  an  assurance  that  the  process  is  nearly  com- 
pleted. The  acid  that  the  alumina  and  iron  take  up  is  acted  upon 
by  the  ammonia  with  almost  the  same  readiness  as  if  free,  so  that 
no  cause  of  error  is  to  be  apprehended  from  that  source. 

It  may  sometimes  happen  from  oversight  that  too  much  ammo- 
nia is  added.  Notwithstanding  this  the  analysis  need  not  be  lost. 
Still  holding  the  instrument  in  the  left  hand  over  the  cup,  having 
of  course  arrested  the  flow  of  the  fluid,  we  pour  some  of  the  acid 
solution  into  a  wine-glass,  introduce  the  small  end  of  the  acid  in- 
strument into  it,  and  allow  it  to  rise  on  the  inside  to  either  of  the 
small  marks,  and  add  this  acid  to  the  liquid,  and  go  on  as  before 
with  the  experiment,  and  at  the  conclusion  read  ofl"  what  is  indi- 
cated, and  to  it  add  10  or  20  according  as  we  may  have  added  the 
acid  measured  by  the  first  or  second  mark. 

After  what  has  been  said  a  few  words  will  suffice  to  explain  how 
the  instrument  operates. 

It  takes  50°  of  acid  to  dissolve  fifty  grains  of  carbonate  of 
lime,  or  1°  to  dissolve  one  grain;  and  it  takes  2°  of  the  ammonia 
solution  to  neutralize  one  of  the  acid ;  and  therefore  in  treating  a 
substance  consisting  in  part  of  carbonate  of  lime,  for  every  grain 
that  is  present  one  degree  of  the  acid  is  taken  up,  so  that  when  we 
come  to  add  the  ammonia  we  know  how  much  of  the  acid  is  taken 
up  by  the  quantity  of  ammonia  left  behind,  thereby  knowing  the 
number  of  grains  of  carbonate  of  lime,  which  we  multiply  by  two 
(as  fifty  grains  of  the  substance  was  used)  to  arrive  at  the  percent- 
age. This  multiplication  is  not  actually  performed,  as  the  instru- 
ment is  so  graduated  as  to  dispense  with  it. 

Were  it  at  all  necessary  to  give  any  evidence  of  its  easy  applica- 
tion, I  might  state  that  it,  along  with  the  fluid,  has  been  placed,  in 
the  hands  of  persons  entirely  unacquainted  with  chemistry,  and 
even  with  the  principle  of  the  instrument,  and  they  have,  with 
some  little  instruction  in  the  manipulations  necessary,  obtained 
results  only  one  or  two  per  cent  out  of  the  way  in  their  ^r8<  exami- 
nation. The  instrument  is  designed  specially  for  examining  calca- 
reous manures. 
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SiUiman'a  Joum.,  xliv,  1843,  pp.  60-63. 

For  some  reasons  we  would  be  induced  to  place  cholesterine 
among  the  fatty  bodies,  but  from  many  of  its  characters  it  would 
appear  certainly  not  to  belong  to  this  class  of  bodies.  The  most 
important  distinctions  between  these  two  bodies  are,  first,  the  want 
of  action  of  a  solution  of  potash  upon  cholesterine ;  and  secondly, 
its  high  point  of  fusion,  which  is  298°  Fahr.* 

Another  difference  which  I  am  able  to  point  out  is  that  cho- 
lesterine is  heavier  than  water,  whereas  the  fats  are  lighter. 
It  will  be  found  in  works  on  chemistry  that  cholesterine  is 
lighter  than  water,  and  I  attribute  this  to  the  fact  that  the 
substance,  as  it  crystallizes  out  of  alcohol,  was  found  to  float 
on  the  surface  of  water;  but  this  is  owing  to  the  air  adhering 
to  the  crystals.  To  show  that  it  is  heavier,  all  that  is  necessary 
to  be  done  is  to  throw  a  small  piece  of  fused  cholesterine  into 
a  vessel  containing  water,  that  must  afterward  be  made  to  boil 
(this  is  done  to  drive  away  the  air  adhering  to  the  surface  of  the 
body);  after  which  it  will  be  found  to  sink,  and  remain  at  the  bot- 
tom of  the  vessel  even  when  the  water  is  cold.  I  dwell  thus  much 
upon  this  because  I  feel  confident  that  there  are  other  organic 
bodies  that  are  said  to  be  lighter  than  water,  but  which  are  actu- 
ally heavier ;  for,  owing  to  the  looseness  of  their  structure,  air  in- 
sinuates itself  between  the  molecules,  and  is  afterward  held  so 
firmly  that  it  is  impossible  to  drive  it  away  by  the  ordinary  means. 
I  now  return  to  the  first  distinguishing  character  between  choles- 
terine and  the  fats — the  difference  of  the  action  of  potash  upon 
the  two  bodies. 

Chevreul  and  others  have  shown  that  if  cholesterine  be 
digested  a  great  length  of  time  in  a  boiling  solution  of  potash 
no  change  takes  place;  but  here  the  cholesterine  is  not  sub- 
jected to  the  action  of  the  potash  under  the  same  circumstances 


■^he  meltjpg  point  of  most  of  the  fats  Is  below  140°. 
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as  the  fats ;  for,  in  the  case  of  the  latter,  the  point  of  fusion 
being  considerably  below  that  of  boiling  water,  the  force  of 
aggregation  is  in  a  great  degree  destroyed,  and  consequently 
does  not  oppose  itself  to  the  chemical  action;  whereas  in  the 
case  of  cholesterine,  its  point  of  fusion  being  much  higher  than 
that  of  boiling  water,  it  remains  solid,  and  therefore  its  force 
of  aggregation  opposes  itself  strongly  to  the  action  of  potash 
(supposing  one  to  exist).  So  then  the  difference  of  the  action  of 
a  solution  of  potash  upon  these  substances  is  not  such  a  strong 
mark  of  distinction  as  it  would  at  first  sight  appear  to  be,  as  it 
is  impossible  to  subject  them  to  this  action  under  similar  circum- 
stances. 

This  fact  is  mentioned  not  to  show  that  cholesterine  may  be  a 
species  of  fat.  Far  from  it.  It  is  simply  to  attempt  to  exhibit 
that  there  is  no  stronger  reason  for  supposing  that  cholesterine  is 
not  a  fat,  because  a  boiling  solution  of  an  alkali  does  not  act  upon 
it,  than  there  is  for  considering  spermaceti  a  fat,  because  it  is  acted 
upon ;  as  here  the  spermaceti  is  in  a  state  of  fusion,  one  that  is 
favorable  to  this  action — and  the  cholesterine  solid,  a  state  opposing 
this  action. 

In  an  article  on  spermaceti  I  stated  my  reasons  at  large  for 
not  believing  this  body  to  be  a  fat,  properly  speaking,  and  at 
the  same  time  explained  how  I  supposed  an  alkali  to  react  upon 
it.  It  was  there  ranked  with  athal  and  cholesterine.  I  then 
also  stated  that  although  a  boiling  solution  of  an  alkali  might  not 
react  upon  cholesterine,  still  I  had  no  doubt  that  the  alkali  by 
itself,  aided  with  a  high  temperature,  would  react  upon  it  in  a 
manner  similar  to  that  which  it  did  upon  spermaceti.  From  the 
kindness  of  M.  Pelouze,  who  furnished  me  with  a  small  quantity 
of  cholesterine,  I  have  been  able  to  examine  into  the  truth  of  this 
supposition. 

The  first  circumstance  necessary  to  be  observed  in  the  exam- 
ination of  this  reaction  is  to  have  the  cholesterine  intimately  in 
contact  with  the  potash,  and  this  is  done  by  rubbing  together 
equal  parts  of  the  two  substances  in  a  mortar.  The  mixture 
was  placed  in  a  watch-glass,  and  spread  out  so  as  to  expose  a 
large  surface  to  the  air;  the  watch-glass  was  placed  on  a  sup- 
port in  a  copper  vessel  (the  air  contained  in  this  vessel  could 
be  brought  to  any  required  temperature).  The  experiment 
being  thus  disposed,   the  vessel  was  heated,   and   by  the   time 
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that  the  air  in  the  interior  arrived  at  248^  Fahr.,  a  change  began 
to  take  place  in  the  mixture,  and  at  266^  Fahr.  it  was  of  a  dark- 
brown  color. 

This  was  now  treated  with  cold  ether,  which  dissolved  the  unal- 
tered cholesterine,  and  also  a  matter  of  a  resinous  character,  which, 
when  dissolved  in  alcohol,  and  the  alcohol  allowed  to  evaporate 
spontaneously,  is  deposited  in  the  form  of  little  round  concretions, 
entirely  devoid  of  crystalline  structure.  It  is  not  soluble  in  any 
of  the  alkalies.  What  remains  after  the  treatment  by  ether  is  of 
a  brown  color  and  completely  soluble  in  water.  If  hydrochloric 
acid  be  added  to  this  solution  it  is  decomposed,  and  a  yellowish 
substance  arises  to  the  surfiice.  This  substance  is  soluble  in 
ether,  alcohol,  potash,  soda,  and  ammonia,  as  well  as  their  carbo- 
nates. It  does  not  crystallize.  Its  alcoholic  solution  reacts  slightly 
acid  upon  litmus-paper.  In  fact  it  is  an  acid  of  a  resinous  charac- 
ter. Its  combinations  with  alkalies  have  the  character  of  soaps. 
Its  silver-salt  is  of  a  yellow  color,  but  soon  becomes  black  by  ex- 
posure to  the  light. 

From  the  small  quantity  of  cholesterine  that  was  at  my 
disposal  I  have  not  been  able  to  obtain  sufficient  of  the  acid  to 
examine  its  composition,  but  I  have  no  doubt  that  it  is  a  new  one. 

If  the  mixture  when  heated  be  not  well  exposed  to  the  air,  very 
little  of  this  acid  is  formed,  even  if  we  elevate  the  temperature  as 
high  as  300°  Fahr.;  but,  on  the  contrary,  a  considerable  quantity 
of  the  resin  before  mentioned  (soluble  in  ether)  is  formed.  This 
though  is  capable  of  being  converted  into  the  acid  by  the  action  of 
potash,  a  high  temperature,  and  free  access  of  air.  Thus,  then,  it 
will  be  seen  that  the  action  of  potash,  instead  of  being  a  means  of 
showing  that  spermaceti  and  cholesterine  are  two  substances  of 
entirely  different  natures,  affords  strong  evidence  of  their  being 
similar  bodies.  Further,  the  action  of  potash  upon  spermaceti  is 
to  produce  athalic  acid  and  athal,  the  former  capable  of  forming 
soaps  with  the  alkalies,  and  the  latter  of  being  converted  into  the 
former  by  an  alkali  and  a  high  temperature. 

The  action  upon  cholesterine  is  to  form  an  acid  (which  it  is  im- 
possible for  me  as  yet  to  name)  and  a  basic  resin.  The  former 
forms  soaps  with  alkalies,  and  the  latter  by  the  action  of  potash  at 
a  high  temperature  is  converted  into  the  former. 

This  article  is  meant  as  an  appendix  to  the  one  on  spermaceti, 
and  as  an  additional  proof  of  the  analogy  that  exists  between  that 
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body  and  cholesterine,  they  being  two  of  a  class  of  bodies  which 
will  no  doubt  be  found  to  be  tolerably  numerous,  and  which  class 
I  propose  to  call  psevdo-gras.  Among  them  may  be  mentioned 
spermaceti,  cholesterine,  athal,  ambreine,  and  probably  stear^rine 
and  elai^rine,  two  fatty  substances  found  in  linseed-oil,  and  which 
M.  Chevreul  brought  to  the  notice  of  the  Academy  of  Sciences  not 
long  since.  This  class  of  bodies  would  appear  to  be  a  link  between 
the  fats  and  resins. 
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ACTION  or  THE  NEUTRAL  PHOSPHATES  OE  THE  ALKALIES 
UPON  CARBONATE  OF  LIME.    1844. 


SUliman'a  Joum,,  xlviii,  1845,  pp.  97-99. 

It  is  a  fact  that,  notwithstanding  the  advanced  state  of  the 
science  of  chemistry,  we  are  ignorant  of  some  of  the  laws  that 
govern  the  relative  affinities  of  acids  for  bases,  and  the  action  of 
neutral  salts  upon  each  other.  It  is  true  such  and  such  acids  are 
ranked  according  to  what  is  termed  their  strength,  and  such  bases 
are  said  to  be  more  powerful  than  others ;  still,  from  time  to  time 
facts  are  developing  themselves  that  contradict  these  established 
rules.  The  decomposition  of  the  sulphate  of  lead  by  certain 
neutral  alkaline  salts  (Am»  Jour,  xlvii,  81)  I  thought  could  be 
explained  upon  a  known  law,  that  when  there  existed  two  acids 
and  two  bases  in  solution  (the  sulphate  of  lead  being  dissolved  by 
the  salts  used)  the  stronger  acid  sought  the  stronger  base,  and  the 
feebler  acid  had  to  combine  with  the  feebler  base,  notwithstanding 
being  originally  in  combination  with  an  alkali.  But  how  are  we  to 
explain  the  feet  about  to  be  mentioned,  which,  so  far  as  my  infor- 
mation goes,  has  not  been  previously  observed  ?  It  is  that  the 
feeblest  solution  of  the  neutral  phosphate  of  soda  or  potash  will  de- 
compose the  carbonate  of  lime  in  the  cold,  giving  rise  to  carbonate 
of  soda  and  phosphate  of  lime. 

This  fact  was  first  observed  while  analyzing  the  ashed  of  a 
plant,  which  was  fused  with  carbonate  of  soda,  for  the  purpose 
of  estimating  the  phosphoric  acid.  The  fused  mass  was  throWn 
into  about  four  ounces  of  water,  and  digested  at  about  180** 
Fahr.  for  a  couple  of  hours.  The  insoluble  portion  was  sepa- 
rated and  treated  with  an  acid,  when  to  my  astonishment  it 
dissolved  with  but  a  very  slight  effervescence;  in  fact,  with  the 
escape  of  only  a  bubble  or  two  of  gas,  the  carbonate  of  lime 
(32) 
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expected  not  being  present.  It  was  known  that  this  circumstance 
could  not  arise  from  a  want  of  decomposition  of  the  original  mat- 
ter, as  it  was  kept  fused  for  half  an  hour  with  four  times  its 
weight  of  carbonate  of  soda ;  therefore  the  only  rational  conclu- 
sion was  that  the  phosphate  of  lime  was  in  the  first  case  decom- 
posed by  the  soda,  but  was  subsequently  reformed  upon  treating 
the  fused  mass  with  water.  This  has  been  verified  by  direct 
experiment. 

Twelve  grains  of  neutral  phosphate  of  soda  and  six  of  carbo- 
nate of  lime  were  digested  for  two  hours  in  four  ounces  of  water 
at  180°  Fahr.,  when  the  carbonate  of  lime  was  found  almost  com- 
pletely decomposed,  and  the  clear  solution  upon  evaporation  fur- 
nished carbonate  of  soda. 

Six  grains  of  precipitated  carbonate  of  lime  added  to  a 
solution  of  twenty  grains  of  phosphate  of  soda  (equivalent  pro- 
portions of  each),  in  one  ounce  of  water,  were  kept  in  a  vial 
for  one  month,  the  temperature  never  exceeding  65°  Fahr.  At 
the  expiration  of  this  time  the  insoluble  portion  contained  three 
.and  a  half  grains  of  phosphate  of  lime,  corresponding  to  a  de- 
composition of  about  tw-o  and  a  half  grains  of  the  carbonate  of 
lime.  The  soluble  portion  indicated  a  corresponding  portion  of 
carbonate  of  soda. 

Other  insoluble  carbonates  were  experimented  with,  as  the  car- 
bonates of  magnesia,  strontia,  baryta,  and  lead.  The  results  were 
the  same,  differing  only  in  degree.  Even  hydra  ted  alumina  de- 
composes slightly  the  phosphate  of  soda  when  boiled  wuth  it  for  a 
length  of  time. 

I  tried  two  other  neutral  salts,  the  acids  of  which  produce 
insoluble  salts  with  lime,  to  see  if  they  would  act  in  the  same 
way.  The  chromate  and  the  tartrate  of  potash  were  digested  a 
length  of  time  upon  the  carbonate  of  lime,  but  no  decomposition 
ensued. 

I  shall  not  attempt  to  seek  for  an  explanation  of  this  at  present, 
but  shall  go  on  collecting  facts  t)f  a  similar  character,  to  endeavor 
to  find  out  some  general  principle  that  may  operate  in  this  and  in 
other  cases.  This  fact  itself  would  not  be  published  at  the  present 
time  if  it  were  not  of  the  greatest  importance  to  put  analytical 
chemists  upon  their  guard;  for  but  a  few  days  ago  an  individual 
wrote  to  me  that  he  was  estimating  the  phosphate  of  lime  in  a  cer- 
tain class  of  bodies  by  fusing  them  with  carbonate  of  soda,  w^hich 
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will  certainly  be  productive  of  some  error ;  and  although  it  is  to 
be  regretted  that  our  methods  of  arriving  at  phosphoric  acid  in 
analysis  may  be  diminished  by  this  fact,  still  it  will  only  stimulate 
us  to  find  out  some  other  to  solve  this,  one  of  the  most  difficult 
and  annoying  problems  in  analytical  chemistry. 
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SiJliman's  Jour.,  1844,  vol.  xlvii,  pp.  81-84. 

It  has  been  for  some  time  known  that  certain  neutral  salts  pos- 
sess the  property  of  dissolving  to  some  extent  the  sulphate  of  lead, 
which  properly  belongs  neither  to  the  acids  nor  bases  constituting 
these  salts.  By  referring  to  BerzeHus'  Chemistry  it  will  be  found 
that  the  acetate  and  nitrate  of  ammonia  are  among  the  number. 
**One  part  of  the  sulphate  was  dissolved  in  47  parts  of  a  solution 
of  the  acetate  of  specific  gravity  1.036,  and  in  172  parts  of  a  solu- 
tion of  the  nitrate  of  specific  gravity  1.144."  In  the  Annalen  der 
Ghem,  und  Phar.  (vol.  xxxiv,  p.  235)  will  be  found  the  following 
statement  under  the  head  of  Beactionen :  *  *  Sulphate  of  lead  is 
easily  dissolved,  and  in  a  large  quantity,  by  a  solution  of  neutral 
tartrate  of  ammonia ;  a  concentrated  solution  forms  after  some 
time  a  stiff  jelly  like  silica."  This  last  is  no  doubt  a  double  tartrate 
of  lead  and  ammonia. 

I  had  also  observed  some  time  previously  that  a  solution  of  the 
citrate  of  ammonia,  when  poured  upon  the  sulphate  of  lead  and 
allowed  to  stand,  altered  the  character  of  the  sulphate,  and  this, 
with  the  other  fact  above  stated,  led  to  the  examination  of  what 
was  really  the  action  of  these  as  well  as  other  ammoniacal  salts  in 
general  upon  the  sulphate  in  question,  and  it  was  found  that  in 
every  case  it  was  decomposed. 

Ovtrate  of  ammonia,  —  K  a  solution  of  citrate  of  ammonia  be 
poured  upon  the  sulphate  of  lead  and  shaken  together,  the  clear 
solution  will  be  found  to  contain  the  sulphate  of  lead,  as  shown  by 
hydrosulphuric  acid,  and  a  salt  of  baryta  (taking  care  in  testing 
with  the  baryta  to  acidulate  first  with  pure  nitric  acid,  to  prevent 
the  formation  of  the  citrate  of  baryta).  If  they  be  allowed  to 
remain  several  weeks  in  contact,  the  solution  will  be  found  to  con- 
tain more  lead,  the  sulphate  having  undergone  decomposition,  sul- 
phate of  ammonia  and  a  double  citrate  being  the  result ;  as  this 
latter  salt  is  not  very  soluble,  a  large  portion  of  it  remains  in  the 
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form  of  a  precipitate.  The  rapidity  of  this  change  is  in  proportion 
to  the  concentration  of  the  solution  of  the  citrate.  If  instead  of 
performing  the  experiment  in  the  cold  we  boil  a  tolerably  concen- 
trated solution  of  the  citrate  with  the  sulphate  of  lead,  a  very 
large  quantity  of  the  latter  will  be  dissolved,  and  the  solution  be- 
come perfectly  transparent ;  if  it  be  set  aside  and.  allowed  to  cool, 
in  the  course  of  a  few  hours  an  abundant  white  precipitate  will  be 
formed,  and  upon  testing  the  clear  solution  sulphuric  acid,  ammo- 
nia, citric  acid,  and  oxide  of  lead  will  be  found  present.  The  pre- 
cipitate when  washed  affords  citrate  of  lead  and  ammonia.  I  was 
at  first  inclined  to  think  it  simply  a  citrate  of  lead,  attributing  the 
ammonia  present  to  some  of  the  citrate  not  washed  out;  but  from 
its  possessing  certain  characters  which  do  not  belong  to  the  simple 
citrate  I  consider  it  a  double  citrate  of  lead  and  ammonia.  It  con- 
tains not  the  slightest  trace  of  sulphuric  acid.  It  was  not  anal- 
yzed, from  the  diflSculty  of  obtaining  it  perfectly  pure,  as  the  water 
used  to  wash  it  decomposes  it,  and  as  yet  this  diflSculty  haa  not 
been  surmounted.  So  then  the  result  of  the  action  of  the  citrate 
of  ammonia  upon  the  sulphate  of  lead  is  first  to  dissolve  it,  and 
subsequently  to  decompose  it,  forming  the  sulphate  of  ammonia 
and  citrate  of  lead  and  ammonia. 

Tartrate  of  ammonia, — If  a  solution  of  this  salt  be  added  to  the 
sulphate  of  lead  and  shaken  with  it  in  the  cold,  the  clear  solution 
will  be  found  to  contain  both  lead  and  sulphuric  acid,  and  if  set 
aside  a  few  weeks  the  precipitate  will  have  changed  its  character, 
having  assumed  a  crystalline  nature ;  the  solution  will  no  longer 
contain  lead,  but  the  quantity  of  sulphuric  acid  present  will  be 
found  to  have  increased.  The  precipitate  now  consists  of  tartrate 
instead  of  sulphate  of  lead,  which  is  completely  soluble  in  dilute 
nitric  acid,  affording  no  precipitate  with  the  salt  of  baryta.  If  the 
mixture  of  the  tartrate  and  sulphate  be  boiled,  this  change  takes 
place  more  rapidly  and  in  a  manner  somewhat  different  from  the 
case  of  the  citrate ;  the  sulphate  will  not  be  dissolved  in  such  large 
quantities,  and  moreover,  by  continuing  to  boil  the  solution  after 
the  sulphate  has  been  completely  dissolved,  the  tartrate  forms  dur- 
ing the  ebullition  and  is  precipitated  in  little  shining  crystals.  If 
the  ebullition  be  continued  a  suflicient  length  of  time,  the  whole  of 
the  lead  previously  dissolved  will  combine  with  the  tartaric  acid. 
This  is  different  from  what  takes  place  with  the  citrate,  which, 
when  boiled  upon  the  lead-salt,  dissolves  it,  and  no  length  of  ebul- 
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lition  will  produce  a  precipitate.  The  action  of  the  tartrate  is  first 
to  dissolve  the  sulphate,  decompose  it  in  part,  and  form  a  double 
tartrate  of  lead  and  ammonia,  >yhich  last  salt  is  subsequently  de- 
composed by  continued  contact  with  water,  or  still  more  rapidly  by 
its  solution  being  boiled. 

Acetate  of  ammonia. — This  salt  also  dissolves  to  some  extent  the 
sulphate  of  lead,  but  not  so  readily  as  either  of  the  above  salts. 
If  the  solution  be  boiled  and  evaporated  to  dryness,  crystals  of  sul- 
phate of  ammonia  are  obtained  and  an  uncrystallizable  salt  of  lead, 
probably  an  acetate  of  lead  and  ammonia ;  from  the  diflSculty  of 
separating  the  sulphate  of  ammonia  from  it,  it  is  impossible  to  pro- 
nounce positively  whether  it  is  a  double  salt  or  simply  an  acetate 
of  lead.  We  see  in  this  reaction  the  existence  of  a  soluble  salt  of 
lead  and  the  sulphate  of  ammonia  simultaneously  in  the  same  solu- 
tion, without  a  precipitate  being  formed. 

Oxalate  of  ammonia  dissolves  but  slightly  the  sulphate  of  lead, 
owing  no  doubt  to  the  impossibility  of  forming  a  double  salt;  but 
it  will  nevertheless  decompose  largely  the  sulphate  furnishing  the 
oxalate  of  lead. 

Muriate  of  ammonia,  if  boiled  with  the  sulphate  of  lead,  will  de- 
compose it  instantly,  furnishing  the  chloride  of  lead  and  sulphate 
of  ammonia. 

The  nitrate  of  ammonia  does  the  same,  forming  nitrate  of  lead 
and  sulphate  of  ammonia. 

The  carbonate  and  8U4^nate  of  ammonia  produce  similar  effects. 

The  action  of  most  of  the  corresponding  salts  of  potash  and 
soda  was  examined,  and  with  very  similar  results.  The  fact  is  it 
would  appear  that  those  alkaline  salts  which  dissolve  the  sulphate 
of  lead  decompose  it  without  reference  to  the  time  occupied  in  the 
solution,  as  in  the  case  of  the  carbonate  of  ammonia,  which  decom- 
poses the  sulphate  at  the  very  instant  of  its  solution ;  and  it  is 
impossible  to  detect  at  any  one  time  other  than  a  trace  of  lead  in 
solution,  whereas  the  quantity  of  sulphuric  acid  is  constantly 
increasing. 

The  explanation  is  clear :  the  sulphate  of  lead  is  a  salt  with  a 
strong  acid  and  feeble  base ;  the  alkaline  salts  used  contain  feebler 
acids  and  stronger  bases;  they  dissolve  the  sulphate,  thus  affording 
an  opportunity  for  the  acids  and  bases  to  act  upon  one  another  under 
fiivorable  circumstances  and  to  follow  a  natural  law  in  chemistry, 
the  stronger  acid  combined  with  the  stronger  bases,  and  vice  versa. 
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From  the  foregoing  facts  some  important  hints  might  be  afforded 
to  analytical  chemistry,  for  it  will  be  at  once  seen  that  the  presence 
of  any  of  the  alkaline  salts  in  a  solution  from  which  it  might  be 
wished  to  precipitate  lead  in  the  form  of  a  sulphate  would  affect 
the  accuracy  of  the  result.  What  is  true  of  the  sulphate  of  lead 
may  be  found  also  true  for  other  insoluble  salts.  Moreover,  this 
shows  the  importance — in  the  analysis  for  mineral  waters,  for  in- 
stance— of  weighing  well  the  relative  strength  of  the  various  acids 
and  bases  therein  found,  in  order  to  ascertain  what  salts  are  present, 
and  not  to  be  contented  with  evaporating  the  water  to  dryness,  and 
considering  such  salts  as  remain  to  be  those  existing  in  the  water, 
for  many  of  them  may  be  formed  during  the  evaporation.  It  is 
not  at  all  improbable  that  before  many  years  the  examination  of 
mineral  waters  will  be  based  as  much  upon  calculation  as  upon 
analysis,  the  former,  of  course,  being  guided  by  the  latter,  and  by 
certain  laws  not  yet  developed. 
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SUliman's  Jour,,  1845,  vol.  xlviii,  p.  103. 

Oxide  of  Cobalt  from  Silver  Bluff,  S.  C. 

The  existence  of  this  oxide  was  first  brought  to  my  notice  by 
Prof.  Ellet.  It  is  accompanied  by  the  oxide  of  manganese,  and 
with  it  stains  a  coarse  gravel  found  in  the  primitive  region  of  this 
State.  These  stains  are  in  the  form  of  streaks,  varying  in  length 
and  breadth.  The  sand  has  the  appearance  of  coarse  gunpowder, 
and  arises  from  the  disintegration  of  mica  granite.  Hydrochloric 
acid  readily  dissolves  this  black  matter  with  an  evolution  of  chlo- 
rine. The  solution  is  of  a  pinkish  color,  and  affords  a  green  salt 
when  evaporated  to  dryness,  from  which  it  is  evident  that  it  must 
contain  both  the  oxides  of  manganese  and  cobalt.  It  is  perfectly 
free  from  iron,  arsenic,  and  nickel;  but  at  the  game  time  it  is 
impossible  to  obtain  a  solution  of  it  free  from  iron,  owing  to  the 
presence  of  ferruginous  matter  in  the  sand  from  which  it  is  derived. 
This  black  matter  has  evidently  originated  from  the  disintegration 
of  cobaltiferous  oxide  of  manganese,  minute  particles  of  which  are 
still  to  be  traced,  mixed  with  the  sand.  The  relative  proportions 
of  the  oxides  are  not  always  the  same.     One  analysis  gave 

Oxide  of  cobalt 24.00 

Oxide  of  manganese 76.00 


100.00 


The  method  by  which  these  oxides  are  separated  is  that  recom- 
mended by  Prof.  Liebig,  and  one  that  deserves  the  notice  of  all 
analytical  chemists  engaged  in  the  separation  of  the  oxide  of  cobalt 
from  other  oxides.  I  allude  to  the  method  with  the  cyanide  of 
potassium.  The  locality  where  this  is  found  is  one  of  the  two  or 
three  in  this  country  where  cobalt  is  found  under  any  form  whatso- 
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ever,  and  the  only  one  where  it  exists  in  the  form  of  an  oxide  free 
from  arsenic. 

Magnesian  Opal  from  near  Harmanjick,  Asia  Minor. 

I  obtained  for  the  composition  of  this  opal,  which  occurs  with 
serpentine  and  carbonate  of  magnesia,  silica,  92.00;  water,  4.15; 
magnesia,  3.00.     It  occurs  also  on  the  Island  of  Mytilene. 
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SoiUhem  Agrumlturwty  1846;    SUliman's  Jour.^  1845,  vol.  xlviii, 
pp.  101-103. 

The  composition  of  this  marl  is  remarkable  for  the  large  amount 
of  phosphoric  acid  contained  in  it.  The  epoch  to  which  this  for- 
mation of  marl  is  referable  is  not  yet  fully  decided,  but  it  probably 
consists  of  beds  of  different  ages,  the  newest  being  as  old  as  the 
eocene  of  Virginia  and  Maryland.  It  has  been  explored  to  the 
depth  of  three  hundred  and  nine  feet  in  boring  a  well.  Specimens 
from  depths  varying  from  one  hundred  and  ten  to  three  hundred 
and  nine  feet  have  been  sent  to  Professor  Bailey,  of  West  Point, 
who  has  already  subjected  them  to  microscopic  examination,  and  a 
short  account  of  his  results  will  be  found  in  the  accompanying 
note.*    A  fuller  detail  may  be  expected  from  him  at  some  future 


*  Extract  of  a  Letter  frorn  Prof.  Bailey  to  J.  L.  Smith  :  "  Charleston  is 
built  upon  a  bed  of  animalcules  several  hundred  feet  in  thickness,  every 
cubic  inch  of  which  is  filled  with  myriads  of  perfectly  preserved  microscopic 
shells.  These  shells,  however,  do  noty  like  those  beneath  Richmond  and 
Petersburg,  etc.,  belong  to  the  siliceous  infusoria,  but  are  all  derived  from 
those  minute  calcareous-shelled  creatures  called  by  Ehrenberg  polythalamia, 
and  by  D'Orbigny  the  foraminifera.  You  are  aware  that  Ehrenberg  proved 
chalk  to  be  chiefly  made  up  of  such  shells ;  and  you  will  doubtless  be  pleased 
to  learn  that  the  tertiary  beds  beneath  your  city  are  filled  with  more  numerous 
and  more  perfect  specimens  of  these  beautiful  forms  than  I  have  ever  seen 
in  chalk  or  marl  from  any  other  locality.  The  following  are  some  of  the 
results  I  have  obtained  : 

"  1.  The  marls  from  the  depth  of  one  hundred  and  ten  to  one  hundred 
and  ninety-three  feet  are  certainly  tertiary  deposits,  for  I  have  found  them 
to  contain  polythalamia  of  the  family  plicatilia  of  Ehrenberg  (agath&stegens 
of  D'Orbigny),  which  family,  as  far  as  is  yet  known,  occurs  in  no  formation 
older  than  the  tertiary. 

"2.  The  beds  from  the  depth  of  one  hundred  and  ninety-three  to  three 
hundred  and  nine  feet  contain  so  many  species  in  common  with  the  beds 
above  them  that,  although  I  have  not  yet  detected  the  plicatilia,  I  yet  be- 
lieve they  must  also  belong  to  the  tertiary  formation. 

"  3.  The  forms  found  in  these  beds  agree  much  better  with  those  detected 
by  me  in  the  eocene  marls  from  Pamunkey  River,  Va.,  than  they  do  with 
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time ;  and  when  it  does  come  it  will  no  doubt  be  a  rich  feast  for  the 
naturalist  of  this  country,  prepared,  as  it  will  be,  by  a  skillful  hand. 
Organic  remains  are  quite  abundant  in  this  marl,  although  in 
an  imperfect  state.  Its  composition  is  somewhat  peculiar,  and  a 
knowledge  of  it  may  be  of  some  general  importance.  It  varies  in 
the  proportion  of  its  ingredients,  but  seems  to  be  constant  as 
regards  their  character.  From  among  several  analyses  the  fol- 
lowing is  selected  as  being  an  average  one: 

Carbonate  of  lime 65 . 8 

Carbonate  of  magnesia 2.4 

Silica 15.6 

Alumina 10.0 

Phosphate  of  lime  with  a  small  quantity  of  phosphate 

of  magnesia 6.0 

Phosphate  of  iron. 


Fluoride  of  calcium  . 

Crenate  of  iron 

Crenate  of  lime 

Ammonia 

Organic   matter , 


1.2 


miocene  polythalamia  from  Petersburg,  Va.,  and  I  am  consequently  inclined 
to  believe  that  they  belong  to  the  eocene  epoch. 

"  4.  All  the  marls  to  the  depth  of  two  hundred  and  thirty-six  feet  present 
the  polythalamia  in  vast  abundance,  and  in  a  state  of  surprising  preservation. 
The  most  delicate  markings  of  the  shells  are  perfectly  preserved,  and  some 
of  the  forms  are  so  large  that  they  may  be  easily  seen  with  a  common 
pocket-lens. 

"  6.  The  lithological  characters  of  the  marls  from  two  hundred  and  thirty- 
six  to  three  hundred  and  nine  feet  differ  from  those  above;  and  although  the 
polythalamia  are  still  abundant,  and  many  of  the  species  appear  to  be  the 
same  as  in  the  strata  above,  yet  they  are  less  easy  to  observe  on  account  of 
the  greater  compactness  of  the  marls,  and  the  adherence  of  crystalline  cal- 
careous particles  to  the  shells. 

**  6.  The  marls  which  you  sent  from  the  Cooper  River,  thirty-five  to 
thirty-eight  miles  above  Charleston,  also  abound  in  polythalamia;  and  so 
many  of  the  species  are  identical  with  those  found  beneath  Charleston,  that 
they  most  probably  belong  to  the  same  formation.  This  place  on  the  Cooper 
River  may  be  the  outcrop  of  the  very  slightly-inclined  beds  which  exist 
under  Charleston.     [In  this  conclusion  Prof.  Bailey  is  correct. — J.  L.  S.] 

"  7.  The  polythalamia,  to  whose  labors  South  Carolina  owes  so  large  a 
portion  of  her  territory,  are  still  at  work  in  countless  thousands  upon  her 
coasts,  filling  up  harbors,  forming  shoals,  and  depositing  their  shells  to 
record  the  present  state  of  the  sea-shore,  as  their  predecessors,  now  entombed 
beneath  Charleston,  have  done  with  regard  to  ancient  oceans.  The  mud 
from  Charleston  harbor  is  filled  not  only  with  beatiful  polythalamian  shells, 
but  is  also  very  rich  in  siliceous  infusoria." 
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The  proportion  of  phosphate  of  lime  is  large,  and  may  be  owing 
to  the  impalpable  remains  of  animals  that  must  have  frequented 
these  early  seas  in  myriads,  or  it  may  be  peculiar  to  the  little  shelly 
remains  of  polythalamia  that  form  such  a  large  portion  of  this  bed. 
The  fluoride  of  calcium,  which  I  believe  is  here  pointed  out  for  the 
first  time  as  existing  in  marls,  does  not  owe  its  origin  to  any  spic- 
ulfid  of  bony  matter  present  in  the  specimen  examined,  at  least 
none  that  the  microscope  could  detect,  so  we  must  attribute  it  either 
to  osseous  matter  triturated  to  an  impalpable  powder,  or,  what  is  more 
probable,  suppose  that  it  forms  a  part  of  the  calcareous  covering  of 
those  animalculse  just  alluded  to,  the  remains  of  which  form  the 
foundation  of  the  city  of  Charleston.  The  ammonia  is  held  me- 
chanically in  the  pores,  associated  perhaps  with  carbonic  acid,  and 
is  easily  rendered  apparent  by  dropping  caustic  potash  with  the 
marl.  This  has  been  found  present  in  all  the  marls  I  have  exam- 
ined, and  the  flouride  of  calcium  in  several. 
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8iUhnan'8  Jour.,  1845,  vol.  xlviii,  pp.  99-101. 

The  analyses  of  fossil  bones  communicated  by  MM.  Girardin 
and  Preisser  to  the  Academie  des  Sciences,  October,  1842,  affords 
the  only  well-detailed  numerical  results  of  the  composition  of  this 
class  of  bones  that  we  possess.  The  authors  appear  to  have  be- 
stowed considerable  care  upon  their  research,  and  their  estimate  of 
the  proportion  of  fluoride  of  calcium  present  was  as  follows : 

Per  cent. 
A  metacarpal  bone  of  a  bear  from  the  cavern  of  Mialet .   1 .09 

Tusk  of  an  elephant 2.64 

Vertebra  of  a  plesiosaurus 2.11 

The  great  bone  of  the  poekilopleuron  bucklandii 1 .60 

Rib  of  an  ichthyosaurus 1 .02 

Head  of  the  same  ichthyosaurus 1 .  65 

Bone  of  the  lamentin  from  the  tertiary  formation  in  the 
environs  of  Valognes 9 .  12 

This  fluoride  would  appear  to  form  a  distinguishing  mark  be- 
tween fossil  and  recent  bones,  although  Berzelius  has  found  it  to 
exist  in  these  latter,  and  Marchand,  in  some  recent  experiments, 
mentions  the  same  fact;  still  many  other  chemists  have  not  succeeded 
in  detecting  it.  MM.  Girardin  and  Preisser  suppose  that  it  was 
owing  to  some  accidental  circumstances  that  Berzelius  was  enabled 
to  discover  it  in  the  cases  that  he  examined,  they  having  in  no 
instance  found  it,  although  carefully  sought  for.  My  experience 
tends  to  confirm  Berzelius  in  his  statement,  having  in  several  cases 
obtained  most  decided  evidence  of  its  presence  in  recent  bones,  but 
in  very  minute  quantity.  In  many  instances  I  failed  to  detect  it, 
and  attribute  the  failure  more  to  the  minuteness  of  the  quantity 
than  to  the  total  absence  of  it. 

I  would  here  remark  that  in  examining  for  fluorine  in  the  ordi- 
nary way,  by  testing  the  effects  of  the  hydrofluoric  acid  (liberated 
by  the  action  of  sulphuric  acid)  upon  waxed  glass,  with  characters 
traced  out,  the  process  requires  some  precaution  when  the  quantity 
present  is  supposed  to  be  very  small;  for  I  have  been  able  in 
several  instances  to  obtain  a  permanent  delineation  of  the  characters 
traced  without  the  presence  of  fluorine.     In  these  cases  it  is  caused 
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by  the  action  of  the  vapors  of  either  sulphuric  or  hydrochloric  acid 
upon  certain  kinds  of  glass  that  contain  a  large  quantity  of  metallic 
oxides,  or  upon  glass  the  surface  of  which  has  been  altered  by  the 
action  of  the  air.  There  is,  however,  no  apparent  corrosion  in 
these  cases. 

The  existence  of  flourine  in  fossil  bones,  and  its  doubtful — or, 
as  some  may  say,  absolute — non-existence  in  those  of  recent  ani- 
mals, have  induced  MM.  Girardin  and  Preisser  to  "conclude  that  it 
did  not  belong  originally  to  the  bones  of  fossil  animals,  but  has 
found  its  way  there  by  infiltration  after  their  death;  and  they 
appear  to  have  come  to  this  conclusion  without  having  examined 
the  chemical  character  of  the  formations  from  which  the  various 
bones  were  taken. 

I  have  had  an  opportunity  of  throwing  some  light  upon  this 
subject  from  the  examination  of  two  bones  taken  from  the  same 
calcareous  deposit  and  within  two  feet  of  each  other,  the  one  cellu- 
lar and  the  other  compact.  The  cells  of  one  of  these  bones  were 
filled  with  small  concretions  of  calcareous  matter,  evidently  arising 
from  the  infiltration  of  some  of  the  material  forming  the  bed  in 
which  they  lie.  These  concretions,  it  would  seem,  ought  certainly 
to  contain  a  portion  of  whatsoever  matter  had  been  infiltrated,  as 
all  infiltrations  must  have  passed  in  together.  These  concretions, 
carefully  detached  from  the  bone,  were  examined  especially  for 
fluorine,  but  not  the  slightest  trace  was  found;  while  on  the  con- 
trary a  very  small  quantity  of  the  compact  part  of  the  same  bone 
gave  decided  indications  of  the  presence  of  this  substance.  This 
fact  must  certainly  lead  to  the  conclusion  that  the  fluoride  of  cal- 
cium in  the  body  of  the  bone  was  not  infiltrated;  for  had  it  been 
otherwise  it  would  have  been  associated  with  matter  known  to  be 
infiltrated,  as  the  calcareous  nodules. 

The  same  cellular  bone  was  examined  as  a  whole — that  is  to 
say,  without  detaching  the  calcareous  matter — in  comparison  with 
the  compact  bone  from  the  same  locality ;  and  in  the  former  there 
was  found  less  fluoride  of  calcium  than  in  the  latter,  contrary  to 
what  would  have  been  the  case  had  this  fluoride  been  infiltrated. 

Per  cent. 

Compact  bone,  fluoride  of  calcium 2.46 

Cellular  bone,  «♦  "         2.00 

The  deposit  from  which  these  bones  were  taken  was  analyzed, 
and  flouride  of  calcium  detected,  pertaining  to  mollusca  or  verte- 
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brated  animals ;  and  were  it  necessary  to  suppose  that  it  could  have 
existed  in  only  one  of  these,  I  should  unhesitatingly  attribute  its 
origin  to  the  vertebrated  animals,  particularly  on  account  of  their 
abundant  provision  of  phosphates.  Bones  were  also  examined  that 
contained  fluorine  when  the  deposit  from  which  they  were  taken 
showed  no  traces  of  this  element. 

Dr.  Daubeny  has  lately  examined  the  question  of  the  existence 
of  fluorine  in  recent  bones,  and  decided  it  in  the  affirmative. 

It  is  not  surprising  that  we  should  find  the  phosphates  and  flou- 
rides  associated  in  the  animal  kingdom ;  for  in  the  mineral  kingdom 
flourine  is  a  very  common  attendant  upon  the  phosphates,  as  for 
instance  in  the  apatites,  wagnerite,  wavellite,  uranite,  etc.;  and  I 
think  if  we  search  the  mineral  kingdom  we  shall  not  find  so  con- 
stant an  association  of  any  two  elements  as  fluorine  and  phos- 
phorus. All  the  phosphates  of  the  alkalies  and  earths  contain 
fluorine. 

If,  then,  this  element  is  associated  with  the  phosphates,  they 
must  exist  together  in  the  soils  arising  from  the  disintegration  of 
the  rocks  containing  these  minerals,  and  the  plants  growing  upon 
these  soils  would  upon  taking  up  the  phosphates  naturally  appro- 
priate the  accompanying  flourides,  which  two  classes  of  salts  would 
subsequently  pass  to  the  same  portion  of  the  animal  feeding  upon 
these  plants — ^namely,  to  the  bones. 

The  reason  why  the  existence  of  fluorine  in  recent  bones  is 
doubtful  may  be  owing  to  the  fact  that  the  great  mass  of  the  phos- 
phate of  lime  originally  in  the  soil  has  for  various  causes  disap- 
peared, and  with  it  the  fluoride  of  calcium  ;  and  that  the  portion 
of  this  latter  still  remaining  is  so  small  that  notwithstanding  the 
double  condensation  that  it  undergoes  through  the  agency  of  plants 
and  animals,  it  is  not  in  sufficient  quantity  to  come  readily  within 
the  reach  of  our  tests. 
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SiUiman'8  Jmr.,  1849,  vol.  vii,  pp.  288-280. 

In  my  journey  to  the  south  of  Broosa  (Anatoly,  Asia  Minor),  I 
crossed  a  formation  of  serpentine  and  other  magnesian  rocks  of 
considerable  extent.  Fifty  miles  from  this  city  I  discovered  chro- 
mate  of  iron  disseminated  in  these  rocks ;  and  ten  or  fifteen  miles 
farther  south  (near  the  city  of  Harmanjick)  there  is  an  abundant 
deposit  of  this  mineral.  A  circumstance  worthy  of  remark  is  that 
this  chromate  of  iron  (the  first  that  has  been  discovered  in  Asia 
Minor)  is  found  in  serpentine  as  elsewhere.  This  important  fact 
can  explain  to  a  certain  extent  the  formation  of  this  chromate.  It 
is  well  known  that  serpentine  contains  all  the  elements  of  chromate 
of  iron,  which  during  the  consolidation  of  this  rock  might  separate 
themselves  by  the  force  of  segregation,  so  well  known  to  operate  in 
many  geological  phenomena.  Two  facts  which  seem  to  confirm 
this  supposition  are:  first,  the  existence  of  the  chromate  of  iron  in 
masses  and  not  in  veins ;  and  secondly,  the  pale  color  of  the  ser- 
pentine associated  with  the  chromate.  One  small  specimen  that  I 
have  consists  of  a  white  rock  composed  principally  of  carbonate  of 
magnesia,  in  which  small  specks  of  chromate  of  iron  are  visible. 
It  is  possible  that  this  carbonate  is  the  result  of  the  decomposition 
of  the  serpentine  at  the  surface  by  the  action  of  water  containing 
carbonic  acid.  It  is  only  at  this  locality  that  I  found  crystals  of 
the  chromate  octahedral,  but  very  small. 

This  discovery  is  of  great  importance  to  the  arts  and  to  the 
Turkish  Government,  which  proposes  exploring  the  mine. 

In  quitting  the  locality  of  chrome  and  going  northeast,  I  trav- 
ersed in  several  places  the  serpentine  containing  veins  of  carbonate 
of  magnesia,  quite  pure;  and  this  occurs  until  we  arrive  at  the 
plains  of  Eski-Shehr,  It  is  from  different  parts  of  this  plain  that 
comes  the  meerschaum  most  esteemed  in  the  arts.  Its  geological 
position  is  very  different  from  what  I  had  expected.  The  plain  in 
which  it  is  found  is  a  deposit  of  drift ;  a  valley  filled  up  with  the 
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Mris  of  the  neighboring  mountains,  consolidated  by  lime,  in  which 
I  found  no  fossils. 

The  meerschaum  is  found  in  this  drift  in  masses  more  or  less 
rounded ;  the  other  pebbles  are  fragments  of  magnesian  and  horn- 
blende rocks. 

I  have  examined  with  care  the  neighboring  mountains  which 
surround  the  plain,  and  have  found  that  the  rocks  are  of  the  same 
nature  as  the  pebbles  in  the  plain,  except  those  of  the  meerschaum ; 
but  on  the  other  hand  I  found  carbonate  of  magnesia  in  the  moun- 
tains which  is  not  to  be  found  in  the  plains.  And  this  makes  me 
suppose  that  the  meerschaum  owes  its  origin  to  the  carbonate  of 
magnesia  of  the  mountains  decomposed  after  its  separation  by  water 
containing  silica. 

If  this  supposition  be  true  we  should  naturally  find  meerschaum 
which  not  being  completely  altered  contains  the  carbonate  of  mag- 
nesia. A  chemical  examination  of  several  specimens  has  served  to 
establish  this  fact.  Some  of  the  specimens,  taken  at  the  depth  of 
ten  feet,  when  placed  in  hydrochloric  acid,  give  rise  to  an  efferves- 
cence that  will  continue  for  some  time;  the  piece  will  not  change 
its  form,  it  only  absorbs  the  acid;  the  solution  will  be  found  to 
contain  chloride  of  magnesium  nearly  pure.  Another  proof  that 
the  meershaum  probably  owes  its  origin  to  the  carbonate  of  magne- 
sia is  that  I  have  found  attached  to  the  meerschaum  serpentine 
similar  to  that  found  in  contact  with  the  carbonate  of  magnesia  of 
the  mountains. 

The  meerschaum  of  Eski-Shehr  differs  completely  from  several 
other  specimens  that  I  have  seen,  coming  from  other  localities,  and 
which  exist  in  the  fissures  of  rocks ;  it  is  certain  that  the  quality 
of  the  first  is  most  esteemed. 
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MEDJIDITE  (SULPHATE  OF  URANIUM  AND  LIME)— LIE- 
BIGITE  (CARBONATE  OF  URANIUM  AND  LIME). 


SiUiman'a  Jour,,  1848,  vol.  v,  pp.  336-338 ;  Liebfg  Anna!,,  vol.  Ixvi, 
1848,  pp.  253-256. 

The  minerals  here  alluded  to  were  found  associated  with  a  spec- 
imen of  pitchblende  from  the  neighborhood  of  Adrianople,  Turkey; 
it  was  quite  impure  and  a  portion  of  it  contained  crystals  of  cop- 
per pyrites.  On  the  surface  of  the  pitchblende,  besides  the  two 
minerals  in  question,  there  existed  crystals  of  sulphate  of  lime  and 
a  little  oxide  of  iron. 

Medjidite  (Sulphate  op  Uranium  and  Lime). 

This  mineral  is  of  a  dark  amber  color,  transparent,  of  imper- 
fect crystalline  structure,  fracture  vitreous,  although  the  surfaces 
exposed  are  sometimes  of  a  dull  yellow  color,  arising  from  the  loss 
of  water.  It  is  found  on  the  surface  of  the  pitchblende  associated 
in  some  places  with  crystals  of  sulphate  of  lime.  Hardness  about 
2.5 ;  specific  gravity  not  known. 

Oiemical  Qiaracters. — Heated  gently  it  loses  its  water,  becoming 
of  a  lemon -yellow  color.  Heated  to  redness  it  blackens  (being 
converted  into  oxide  of  uranium  and  sulphate  of  lime).  It  i& 
insoluble  in  water,  but  dissolves  readily  in  the  smallest  quantity 
of  dilute  hydrochloric  acid ;  (in  this  way,  had  it  been  necessary^ 
I  might  have  separated  it  from  any  adhering  sulphate  of  lime.) 
The  acid  solution  gives  a  tolerably  abundant  precipitate  with 
hydrochlorate  of  baryta,  and  a  red-brown  precipitate  with  ferro- 
cyanuret  of  potassium ;  bicarbonate  of  ammonia  forms  a  precipi- 
tate that  is  redissolved  by  an  excess  of  the  ammoniacal  salt ;  oxa- 
late of  ammonia  added  to  this  solution  demonstrates  the  presence 
of  lime.     Farther  examination  detected  no  other  substance. 
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So  far  as  the  small  quantity  at  my  disposal  enabled  me  to  make 
out  its  composition,  it  would  appear  to  be  a  salt  similar  to  the  fol- 
lowing one  (liebigite)  with  less  water,  and  sulphuric  instead  of 
carbonic  acid,  the  acid  being  derived  from  the  decomposition  of 
the  pyrites  associated  with  the  pitchblende.  Its  composition  is 
represented  by  US-fOaC+lsU. 

This  mineral  is  called  medjidite  in  honor  of  the  reigning  Sultan 
of  Turkey,  Abdul-Medjid,  who  exhibits  a  most  decided  patronage 
of  both  the  arts  and  sciences,  certainly  much  more  than  any  of  his 
predecessors. 

Liebigite  (Carbonate  op  Uranium  and  Lime). 

This  mineral  is  not  found  crystallized,  but  occurs  in  the  form  of 
a  mammillary  concretion,  having  an  apparent  cleavage  in  one 
direction.  It  is  of  a  beautiful  apple-green  color,  transparent,  with 
a  vitreous  fracture.  Hardness  between  2  and  2.5;  specific  gravity 
not  ascertained. 

Chemical  Characters. — The  mineral  admits  of  ready  separation 
from  the  pitchblende,  and  owing  to  its  color  and  transparency  is 
easily  freed  from  the  smallest  portion  of  foreign  matter.  Heated 
gently,  it  loses  water,  acquiring  a  yellowish-gray  color;  heated  to 
redness,  it  blackens  without  fusing,  and  on  cooling  returns  to  an 
orange-red  color;  heated  strongly  before  the  blow-pipe,  with  or 
without  charcoal,  it  blackens,  and  on  cooling  remains  so;  with 
borax  it  gives  a  yellow  glass  in  the  oxidizing  and  a  green  glass  in 
the  inner  flame.  Its  property  of  blackening,  when  heated  to  red- 
ness, and  assuming  an  orange-red  color  on  cooling,  made  me  sup- 
pose that  it  might  contain  vanadic  acid ;  but,  as  will  be  seen  a  little 
farther  on,  its  reactions  proved  this  not  to  be  the  case.  As  yet  I 
believe  that  this  property  is  not  known  to  belong  to  any  other  nat- 
ural combination  of  uranium. 

The  mineral  dissolves  readily  in  dilute  acids  and  with  violent 
effervescence,  affording  a  yellow  solution  that  gives  a  yellow  pre- 
cipitate with  ammonia  and  its  carbonate;  but  the  latter  in  excess 
redissolves  most  of  the  precipitate,  and  what  remains  is  found  to 
be  carbonate  of  lime.  The  carbonate  of  ammonia  solution  when 
boiled  redeposits  a  yellow  precipitate.  In  a  neutral  solution  sul- 
phureted  hydrogen  produces  no  precipitate,  but  the  hydrosulphate 
of  ammonia  furnishes  one  of  a  brown  color,  and  the  ferro-cyanuret 
of  potassium  one  that  is  reddish-brown. 


Digitized  by 


Google 


TWO  NEW  MINERALS.  51 

The  above  properties  show  the  presence  of  water,  carbonic  acid, 
lime,  and  uranium;  farther  examination  gave  no  evidence  of  the 
presence  of  any  other  substance. 

The  amount  of  this  mineral  in  a  state  of  purity  was  too  small 
to  allow  me  to  make  as  minute  a  quantitative  analysis  as  I  should 
desire;  but,  owing  to  the  simplicity  of  its  composition,  the  true 
nature  has  been  very  nearly  if  not  exactly  made  out.  The  water 
was  estimated  by  heating  it  to  400°  Fahr.;  the  carbonic  acid  by 
what  was  lost  in  dissolving  it  in  hydrochloric  acid  in  a  small  appa- 
ratus properly  arranged ;  to  the  acid  solution  bicarbonate  of  ammo- 
nia was  added,  which  redissolved  all  the  precipitate  first  found; 
oxalate  of  ammonia  when  added  to  this  precipitated  the  lime 
(which  was  afterward  estimated  as  a  sulphate);  the  solution  filtered 
from  this  precipitate  was  boiled  and  the  uranium  deposited  itself 
as  a  double  salt  that  was  heated  to  redness,  and  the  oxide  estimated 
in  the  form  of  olive-colored  oxide.  (Peligot's  atomic  weight  for 
uranium  was  the  one  employed,  750;  oxygen  100.) 

The  mean  of  two  analyses,  one  of  85  and  the  other  of  65  milli- 
grammes, is 

Atoms.  Calculated. 

Water 46.2                  20  46.6 

Carbonicacid 10.2                    2  11.1 

Lime 8.0                    1  7.1 

Peroxide  of  uranium 88.0                    1  86.8 

101.4  100.0 

The  composition  of  the  mineral  is  represented  by  tIC-f-CaC 
+20  fl.  The  pitchblende  upon  which  the  liebigite  is  found  was 
analyzed,  and  at  some  future  time  I  may  have  occasion  to  allude 
to  this  analysis  with  some  remarks  upon  the  salts  of  uranium ;  for 
the  present  sufiSce  it  to  state  that  the  pitchblende  contains  lime 
associated  with  the  oxide  of  uranium,  a  circumstance  that,  along 
with  the  tendency  of  oxide  of  uranium  to  form  double  salts,  ac- 
counts for  the  formation  of  both  the  liebigite  and  medjidite. 

I  have  thought  proper  to  give  this  double  carbonate  the  name 
of  the  distinguished  chemist  of  Giessen,  as  a  demonstration  of  the 
high  value  I  set  upon  his  memoirs  and  important  contributions  to 
the  science  of  chemistry  in  general. 

Liebigite  I  have  also  found  in  one  of  the  European  localities  of 
pitchblende — namely,  Johanngorgenstadt.  The  first  specimen  I 
found  was  in  the  cabinet  of  the  School  of  Mines  at  Paris ;  there  is 
another  in  the  Yale  College  cabinet,  and  a  third  in  Prof  Shepard's 
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collectioD.  It  exists  as  a  thin  yellowish,  apple-green  coating,  semi- 
transparent,  easily  detached  from  the  surface  of  the  pitchblende, 
and  is  instantly  recognized  by  heating  it  on  a  piece  of  platinum 
foil,  when  it  loses  water,  blackens  at  a  red  heat,  and  on  cooling  be- 
comes orange-red.  It  also  effervesces  violently  with  the  strong 
acids,  furnishing  a  test  of  uranium  and  lime.  A  European  locality 
being  now  known,  there  will  not  be  much  diflSculty  in  obtaining 
specimens.  I  also  think  that  I  have  found  the  medjidite  from 
specimens  of  the  same  locality;  but,  not  having  such  a  marked 
test  for  this  mineral  I  could  not  decide  on  the  little  I  obtained  firom 
a  specimen  which  is  in  the  cabinet  of  the  Garden  of  Plants. 
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SiUiman's  J<mr.,  1851,  xii,  pp.  10-16,  366-377;  Amer.  Assoc.  Proc.y 
vi,  1851,  pp.  260,  261 ;  Erdin.  Jour.  Prakt,  Chem.,  Iv,  1852, 
pp.  110-114. 

THE  THERMAL  WATERS  OF  BROOSA. 

There  are  few  countries  where  thermal  waters  are  so  numerous 
and  cover  so  extensive  a  surface  as  in  Western  Asia  Minor ;  many 
of  them  still  bear  marks  of  the  estimation  in  which  they  were  held 
by  the  ancient  Eomans  and  Greeks  for  the  purpose  of  supplying 
their  baths. 

Owing  to  the  difficulty  of  obtaining  proper  vessels  or  corks  at 
or  near  the  springs,  coupled  with  the  risk  of  breakage  by  the  neces- 
sary transportation  on  the  backs  of  horses  over  rough  and  moun- 
tainous roads,  travelers  have  been  deterred  from  collecting  these 
waters  for  the  purpose  of  analysis.  In  my  travels  through  certain 
parts  of  this  country  I  took  along  with  me  bottles  and  corks,  and 
collected  between  twenty  and  thirty  specimens  of  different  locali- 
ties, gome  of  them  in  considerable  quantity ;  and  of  that  number 
fifteen  or  sixteen  have  arrived  safely  at  my  laboratory,  where  most 
of  them  have  been  already  examined. 

In  my  remarks  upon  them  I  will  first  allude  to  the  thermal 
waters  of  Broosa  or  Pfusia,  which  are  most  important  at  the  pres- 
ent day,  and  the  most  accessible  from  Constantinople.  The  spot 
itself  is  hallowed  by  many  interesting  historical  associations.  The 
city  was  founded  by  Hannibal  during  a  friendly  visit  which  this 
great  Carthagenian  general  made  to  Prusius,  the  king  of  Bithynia, 
whose  name  was  given  to  it.  Like  all  other  cities  of  so  ancient 
date,  it  has  gone  through  many  changes,  passing  successively  into 
the  hands  of  the  Greeks,  Romans,  and  Turks.  Since  1326  the 
Turks  have  continued  masters  of  this  part  of  Asia  Minor,  it  having 
been  conquered  by  Osman  just  prior  to  his  death,  for  many  years 
after  which  event  it  remained  the  capital  of  the  Ottoman  Empire. 

Broosa  is  readily  reached  from  Constantinople  by  a  steamer 
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that  goes  from  this  latter  place  to  Modania,  on  the  gulf  of  the 
same  name,  about  seventy  miles  from  Constantinople.  From  Mo- 
dania  a  ride  of  about  twenty  miles  on  horseback  brings  you  to 
Boosa,  at  the  foot  of  the  Bithynian  Olympus.  The  warm  baths  of 
this  place  have  been  celebrated  from  the  earliest  epochs,  and  the 
visit  of  Constantine  and  his  wife  in  797  is  recorded  in  history  as 
having  resulted  favorably  in  restoring  the  latter  to  health.  And 
at  a  still  later  period  Sultan  Soliman  the  Great  visited  these  baths 
on  account  of  an  attack  of  gout,  and  to  commemorate  his  cure  he 
had  a  large  dome  constructed  over  the  source  to  which  he  attributed 
the  beneficial  effects  derived  by  him ;  the  dome  still  stands. 

As  it  is  not  my  object  to  enter  here  into  the  details  of  baths 
well  known  to  all  travelers  in  this  part  of  Asia  Minor,  I  shall  at 
once  proceed  to  the  description  of  the  sources.  The  sources  of 
thermal  waters  near  Broosa  are  seven  in  number,  all  situated  in  a 
little  valley  which  separates  Mount  Olympus  from  Mount  Katairli, 
and  they  are  comprised  within  the  distance  of  a  mile  and  a  half. 
In  the  immediate  neighborhood  of  some  of  these  sources,  and  some- 
times in  direct  proximity,  are  sources  of  cool  and  delightful  water 
that  serve  to  regulate  the  temperature  of  the  water  used  in  the 
baths,  of  which  there  are  as  many  as  twenty  private  and  public. 
These  soucces  furnish  waters  of  two  descriptions,  the  sulphurous 
and  the  non-sulphurous,  and  I  shall  commence  with  a  description 
of  the  former. 

Thermal  Sulphur  Waters. 

There  are  two  sources  of  this  class  of  water  near  Broosa,  or 
rather  two  places  near  to  each  other  where  it  flows  out  of  the 
mountain,  for  my  examination  goes  to  prove  that  they  are  the 
same  water.     Their  names  are  Kukurtlu  and  Bademli-Baghtsche. 

KUKURTLU  source. 

The  name  of  the  source  signifies  sulphur.  It  flows  rapidly 
from  the  side  of  the  mountain  near  to  its  base,  through  a  bed  of 
calcareous  tufa,  furnishing  upward  of  twenty  gallons  a  minute, 
which,  along  with  the  water  from  a  cold  spring  near  by,  is  made 
to  flow  through  the  baths.  There  is  a  very  sensible  odor  of  sul- 
phureted  hydrogen  proceeding  from  the  water  of  this  source,  more 
especially  as  it  issues  forth  from  the  mountain ;  for  there  is  a  large 
amount  of  gas  bubbling  through  the  small  reservoir  into  which 
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the  water  rises,  accompanied  by  a  larger  amount  of  vapor.  As 
the  water  flows  it  leaves  an  incrustation  of  carbonate  of  lime,  more 
or  less  colored  with  some  organic  matter.  This  source  is  held  in 
particular  veneration  by  the  Greeks  of  the  country,  who  usually 
assemble  here  twice  a  year  to  commemorate  the  martyrdom  of  St. 
Patrice,  which  was  ordered  by  the  proconsul  of  Broosa,  and  exe- 
cuted by  his  being  thrown  into  this  almost  boiling  spring. 

The  country  is  geologically  made  up  of  the  older  rocks,  as  gran- 
ite, gneiss,  limestone,  etc.,  a  siliceous  variety  of  the  latter  overlying 
the  other  two ;  in  some  parts,  however,  the  limestone  is  remarkably 
pure,  and  has  doubtless  furnished  to  those  waters  that  carbonate 
of  lime  so  extensively  deposited  at  the  base  of  this  part  of  the  moun- 
tain in  the  form  of  tufa,  which,  for  a  mile  or  two  of  extent,  rises 
several  hundred  feet  above  the  plain  at  the  foot  of  the  mountains. 

Physical  Properties, — The  water  as  taken  from  the  source  is 
perfectly  clear  and  transparent,  and  remains  so  when  kept  in  well- 
corked  bottles,  but  otherwise  a  yellow  deposit  is  soon  formed, 
which  is  probably  crenate  of  lime.  A  slight  odor  of  sulphureted 
hydrogen,  not  perceptible  when  the  water  is  cold.  The  taste  of 
the  water  when  cold  is  in  no  way  peculiar,  and  it  is  very  pleasant  to 
drink.  Specific  gravity  1.00118.  Temperature  (atmosphere  at  66° 
Fahr.)  182°  Fahr.,  which  varies  but  a  few  degrees  with  the  seasons. 

Chemical  Oomposition. — The  gas  which  escapes  from  the  source 

was  collected  in  inverted  bottles,  well  corked  and  sealed,  and  in 

one  thousand  parts  was  found  to  contain 

Carbonic  acid 886 

Nitrogen 99 

Oxygen 11 

Sulphureted  hydrogen 4 

Solid  contents  in  one  litre  of  the  water,  0.970  gramme.  The  water 
is  alkaline,  and  when  concentrated  to  one  third  its  bulk  gives  a 
very  sensible  alkaline  reaction  with  reddened  litmus-paper.  It  is 
found  to  contain  the  following  ingredients  in  one  litre: 

Grammes.  Grammes. 

Carbonic  acid,  free* 8420    Lime 1415 

Carbonic  acid,  fixed 1820    Magnesia 0142 

Hvdro-sulphuric  acid 0012    Alumina 0012 

Sulphuric  acid 2140   Silica 1100 

Chlorine 01 08    Iron trace 

Soda 2600  Organic  matter  (crenic  acid)  .    .0860 

Potash 0110 

•What  is  here  meant  is  such  of  the  carbonic  acid  as  can  be  expelled  in 
boiling  the  water. 
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These  acids  and  bases  may  be  represented  as  combining  in  the 
following  manner. 

Bicarbonate  of  soda 4100  Sulphate  of  alumina. . . '. 0043 

Bicarbonate  of  lime Ig30  Chloride  of  sodium 0170 

Bicarbonate  of  magnesia 0460  Hydro-sulphate  of  soda 0088 

Sulphate  of  soda 1960  Carbonate  of  iron trace 

Sulphate  of  potash 0202  Silica 1100 

Sulphate  of  lime 1710  Organic  matter 0342 

The  incrustation  from  this  spring  was  next  examined.  One 
gramme  of  a  beautiful  crystalline  portion  was  analyzed  and  found 
to  contain 

Carbonate  of  lime 970  Silica 003 

Carbonate  of  magnesia 016  Organic  matter trace 

Sulphate  of  lime 008  Fluoride  of  calcium trace 

Peroxide  of  iron Oil 

There  are  some  portions  of  the  incrustation  richer  in  organic 
matter  than  this,  but  then  the  mixture  is  sensible  to  the  eye,  and 
does  not  represent  the  pure  crystalline  deposit  of  the  spring. 

The  Kukurtlu  source  supplies  two  baths  with  water,  one  called 
the  Buyuk  Kukurtlu  and  the  other  the  Kutschuck  Kukurtlu. 

The  other  source  of  sulphur  thermal  water  is  called 

BADEMU-  BAGHTSCHE. 

This  source  is  about  three  hundred  feet  from  the  latter,  and 
flows  from  three  or  four  openings  in  the  tufa.  On  my  visit  to  it 
the  entrance  to  the  sources  was  closed  up  with  masonry,  and  the 
door  could  not  be  opened  by  the  Turks  from  some  superstitious 
motive.  I  was,  however,  enabled  to  procure  the  water  a  few  feet 
from  the  source  as  it  flowed  through  an  open  gutter.  Gas  is  said  to 
to  escape  abundantly  from  the  source,  just  as  in  the  Kukurtlu 
source. 

Phydccd  Properties, — ^It  is  clear  and  transparent,  remaining  so 
in  well-corked  bottles;  exposed  to  the  air  it  gradually  becomes 
cloudy,  and  deposits  a  yellowish  sediment.  Has  a  slight  odor  of 
sulphureted  hydrogen  when  warm.  Specific  gravity  1.00116. 
Temperature  (atmosphere  at  67°)  184°  Falir. 

Chemical  Composition, — Solid  contents  0.988  gramme  in  one  litre. 
The  water  when  concentrated  reacts  strongly  alkaline.  In  one 
litre  there  are  the  following  ingredients  in  grammes : 
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Carbonic  acid,  free    2920  Lime 1878 

Carbonic  acid,  fixed 1876  Magnesia 0160 

Hydro-sulphuric  acid 0010  Alumina 0006 

Sulphuric  acid 2160  Silica 1100 

Chlorine 0112  Iron trace 

Soda 2650  Organic  matter  (crenic  acid?) .    .0402 

Potash '. 0180 

The  combination  of  the  acids  and  bases  may  be  represented  in 
the  following  manner : 

Bicarbonate  of  soda 4070  Sulphate  of  alumina 0020 

Bicarbonate  of  lime 1790  Chloride  of  sodium 0192 

Bicarbonate  of  magnesia 0620  Hydro-sulphate  of  soda 0019 

Sulphate  of  soda 2000  Carbonate  of  iron trace 

Sulphate  of  potash 0225  Silica 1100 

Sulphate  of  lime 1660  Organic  matter 0402 

Two  baths  are  also  supplied  from  this  source,  the  one  called 
Yeni-Kaplidja  and  the  other  Kainardia. 

It  will  be  seen  that  in  physical  properties  and  chemical  compo- 
sition the  water  of  this  source  is  identical  with  that  of  Kukurtlu ; 
at  which  fact  I  was  at  first  somewhat  surprised,  as  an  approximate 
analysis,  made  some  years  ago  by  Dr.  Bernard,  led  me  to  look  for 
a  difference  in  the  composition  of  these  waters;  and  it  was  not 
until  my  analysis  was  completed  that  I  became  convinced  that  the 
waters  of  the  Kukurtlu  and  Bademli-Baghtsche  sources  were  the 
same,  making  its  way  through  different  openings  in  the  tufa.  I 
would  merely  remark  here  that  the  analysis  made  by  Dr.  Bernard 
must  have  been  quite  crude,  aa  among  other  things  he  gives  to  a 
litre  of  the  Kukurtlu  water  0.332  gramme  of  sulphureted  hydro- 
gen, water  which  when  cold  has  no  hepatic  odor,  and  has  hardly  a 
sensible  effect  on  lead-water. 

None  of  the  other  sources  near  Broosa  evolve  a  trace  of  sulphu- 
reted hydrogen,  and  contain  less  solid  matter ;  they  are  all  alkaline, 
and  give  an  alkaline  reaction  when  concentrated. 

Thermal  Alkaline  Watebs. 

Of  the  alkaline  waters  I  have  examined  three  sources,  situated 
at  some  distance  from  each  other. 

The  Kara  Mustapha  source  is  about  two  hundred  yards  from  the 
Kukurtlu,  and  almost  on  the  border  of  the  plain  of  Broosa;  it 
supplies  a  bath  bearing  the  same  name. 

Physical  Properties, — Clear  when  taken  from  the  source  and 
kept  in  well-stopped  bottles.    As  the  opening  in  the  mountain  from 
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which  it  escapes  is  bricked  over,  it  was  impossible  for  me  to  ascer- 
tain if  there  were  an  abundant  escape  of  gas.  Temperature  127^ 
Fahr.     Specific  gravity  1.00094. 

Cheniicpl  Composition, — Solid  contents  in  one  litre  0.541  gramme, 
and  the  same  quantity  of  the  water  contains 

Carbonic  acid,  free 104  Lime 115 

Carbonic  acid,  fixed 1 50  Magnesia trace 

Sulphuric  acid 008  Iron trace 

Chlorine OOo  Silica 066 

Soda 182  Organic  matter  not  estimated. 

The  combinations  of  the  acids  and  bases  may  be  represented 
as  follows  in  grammes : 

Bicarbonate  of  soda 2600  Chloride  of  sodium .0084 

Bicarbonate  of  lime 2380  Carbonate  of  iron trace 

Sulphate  of  soda 0462  Silica 0660 

Sulphate  of  lime Ob 70  Organic  matter  not  estimated. 

Car  Donate  of  magnesia trace 

Incrustations   of  carbonate  of  lime  are  deposited  from   this 
source,  but  not  so  abundantly  as  from  the  two  first  mentioned. 


TSCHEKIRGHE   SOURCE. 

The  Tschekirghe  source  is  about  a  mile  and  a  half  from  Broosa, 
and  supplies  four  baths :  those  of  Boigusel,  Vani,  Tschekirghe,  and 
Yeni-Han. 

Physical  Properties, — Clear,  and  does  not  readily  deposit  a  sed- 
iment ;  the  incrustation  much  less  than  at  the  other  sources.  No 
gas  escapes  from  it  as  it  flows  from  its  source.  Temperature  (air 
at  72°  Fahr.)  113°  Fahr.     Specific  gravity  1.00068. 

Chemical  Composition, — Solid  contents  in  one  liter  0.550  gramme; 
the  same  amount  in  the  water  contains 

Carbonic  acid,  free 040    Lime 168 

Carbonic  acid,  fixed 094    Magnesia trace 

Sulphuric  acid 152    Iron trace 

Chlorine trace   Silica 040 

Soda 039  Organic  matter  not  estimated. 

Combined  as 

Bicarbonate  of  lime 23.S6  Sulphate  of  lime 2190 

Carbonate  of  soda 0480  Chloride  of  sodium trace 

Carbonate  of  magnesia 1  traees  ^^^"*^ ^^^ 

Carbonate  of  iron j-  c  a  'es  Organic  matter  not  estimated. 

Sulphate  of  soda 0260 
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The  last  source  that  I  shall  allude  to  is  a  very  small  one,  near 
to  the  Kukurtlu,  and  not  connected  with  any  bath ;  it  is,  however, 
used  by  the  natives  for  the  treatment  of  diseased  eyes. 

GUEUZAYASlfA   SOURCE. 

The  Oueuzayasma  source  rises  slowly  in  an  excavation  in  the 
side  of  a  rock,  no  gas  whatsoever  escaping  from  its  surface ;  an 
incrustation  is  formed  from  it  that  is  in  some  places  covered  with 
a  thin  green  coat  resembling  some  of  the  salt  of  nickel  or  cop- 
per; it  is,  however,  entirely  of  a  vegetable  character,  and  exhibits 
under  the  microscope  a  beautiful  lace  structure. 

Physical  Properties, — Clear  and  transparent.  Temperature  113° 
Fahr.     Specific  gravity  1.00122. 

Chemical  Compodtion. — Solid  contents  in  one  litre  0.901  gramme. 
One  litre  of  the  water  contains 

Carbonic  acid,  free 220  Lime 175 

Carbonic  acid,  fixed 150  Magnesia trace 

Sulphuric  acid 215  Iron  and  alumina trace 

Soda 151  Silica 114 

Potash 006  Organic  matter  not  estimated. 

Combined  as  follows : 

Bicarbonate  of  soda 2405   Sulphate  of  lime 2370 

Bicarbonate  of  lime 2249    Sulphate  of  alumina trace 

Bicarbonate  of  mac- 1      . *«^^^    Carbonate  of  iron trace 

nesia }    strong  trace    ^.^.^^ ^^^^ 

Sulphate  of  soda 1160   Organic  matter  not  estimated. 

Sulphate  of  potash 0110 

• 

The  incrustation  of  the  spring  contains  ninety-seven  per  cent 
of  carbonate  of  lime ;  the  remainder  is  composed  of  carbonates  of 
iron  and  magnesia  and  the  sulphate  of  lime,  without  a  trace  of 
fluorine. 

These  various  springs,  it  will  be  seen,  supply  nine  public  baths, 
which  vary  in  their  size  and  magnificence,  that  of  Yeni-Kaplidja 
being  the  largest  and  most  beautiful.  They  are  constructed  upon 
the  usual  plan  of  the  Eastern  baths,  and  consist  of  three  parts. 

First,  a  large  hall,  with  an  elevated  platform  all  around,  two 
feet  high,  an^  sometimes  galleries  attached.  It  is  on  the  platform 
that  one  disrobes  himself  prior  to  entering  the  bath,  and  it  is  also 
here  that  the  bather  reposes  on  a  couch  in  retiring  from  the  bath. 
This  apartment  is  frequently  ornamented  with  considerable  luxury ; 
it  is  well  lighted,  and  there  is  sometimes  in  the  middle  a  fountain, 
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the  &lling  of  whose  waters  in  the  basin  produces  a  freshness,  and 
at  the  same  time  invites  to  slumber.  This  apartment  is  called  by 
the  Turks  Djameldan  (Vestiarium.) 

The  next  division  in  the  bath  is  the  SoovJdoulc,  where  one  begins 
to  experience  the  temperature  of  the  inner  bath,  and  where  he 
reclines  on  a  marble  slab,  and  is  either  shampooed  or  places  him- 
self in  the  hands  of  the  barber  to  be  shaved,  cupped,  or  bled. 

The  third  division  is  the  Hammam,  or  bath  properly  speaking, 
where  there  is  an  atmosphere  of  105°  to  110°  Fahr.,  filled  with  the 
vapor  of  water  arising  from  the  heated  marble  floor.  Here  there 
are  various  recesses,  with  small  marble  basins,  in  which  streams  of 
hot  and  cold  Water  are  allowed  to  flow;  and  once  seated  by  one  of 
them,  an  attendant  of  the  bath  takes  possession  of  you  and  puts 
you  through  a  series  of  operations  that  can  be  better  felt  than  de- 
scribed. The  baths  at  Broosa  have  usually  in  the  Hammam  a  large 
basin  of  hot  water,  into  which  the  bathers  can  plunge ;  the  one  in 
the  Yeni'Kaplidja  is  about  five  feet  deep  by  thirty  in  diameter. 

There  is  in  some  of  these  baths  a  small  room  called  the  Bog- 
houlmilc  (Sudatorium),  where  the  temperature  is  from  120°  to  130° 
Fahr.  Once  through  the  various  operations  of  the  bath,  one  re- 
turns to  the  first  room,  reclines  upon  a  bed,  and  indulges  for  half 
an  hour  or  more  in  the  Eastern  luxuries  of  smoking  and  drinking 
cofiee  or  sherbet. 

This  is  a  hasty  sketch  of  the  operations  that  the  bather  usually 
undergoes  at  these  baths ;  but  as  numbers  of  invalids  visit  them, 
arrangements  are  made  by  which  they  cah  bathe  in  whatsoever 
way  they  may  think  best  or  the  physician  prescribe,  for  there  are 
private  apartments  attached. 

These  thermal  waters  are  in  great  repute  in  Turkey,  and  their 
efiects  are  said  to  be  most  marked  upon  chronic  irritation  of  the 
abdominal  organs,  chronic  rheumatism,  gouts,  chronic  irritation  of 
the  mucous  membrane  of  the  intestines,  diseases  of  the  bladder, 
of  the  skin,  and  of  the  eyes,  etc.  These  waters  are  also  recom- 
mended to  be  taken  internally  when  cold. 

In  the  calcareous  incrustation  of  three  of  these  springs  that 
were  examined  I  found  the  remains  of  two  or  three  varieties  of 
siliceous  infusoria  after  the  lime  had  been  dissolved  out  by  an 
acid. 
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THERMAL  WATERS  OF  YALOVA.* 

The  shortest  way  of  reaching  the  springs  of  Yalova  is  by  land- 
ing upon  the  south  side  of  the  Gulf  Nicomedia,  near  to  Angori 
(three  hours  distant  from  Constantinople  by  steamer),  and  pro- 
ceeding along  a  beautiful  plain,  that  gradually  narrows  until  ter- 
minating in  a  valley  closely  shut  in  by  hills.  The  springs  in  ques- 
tion are  situated  in  this  valley,  about  six  miles  from  the  sea ;  they 
are  at  the  foot  of  a  hill,  which  upon  the  southwest  closes  in  the 
valley  of  Yalova,  and  are  known  in  the  country  by  various  names, 
as  CourirHamam,  Dagh-Hamam,  etc. 

On  the  road  that  approaches  the  springs  there  are  extensive 
remains  of  the  foundations  of  old  Roman  and  Grecian  buildings, 
and  still  nearer  the  remains  are  more  perfect  in  the  form  of  arches, 
aqueducts,  baths,  etc.  Their  extent  gives  evidence  of  the  celebrity 
they  enjoyed  in  former  times.  The  styles  of  their  architecture 
belong  to  different  periods.  The  remains  of  the  brick  edifices  are 
evidently  of  the  period  of  the  Lower  Empire,  for  on  many  of  the 
bricks  are  to  be  found  an  impress  of  the  cross  and  Latin  words 
written  in  Greek  letters.  To  judge  from  the  form  of  these  letters, 
particularly  the  epsilons,  sigmas,  and  omegas,  one  is  led  to  believe 
that  they  date  from  the  Justinian  age.  The  massive  stone  arches 
which  support  the  vault  under  which  t^ie  waters  rise  seem  to  have 
been  constructed  by  the  Romans.  Their  structure  presents  noth- 
ing which  opposes  the  idea  received  by  the  inhabitants  of  the  sur- 
'  rounding  villages — namely,  that  they  were  constructed  during  the 
reign  of  Constantino  the  Great.  And  what  seems  to  sustain  this 
hypothesis  is  the  popular  legend  that  the  mother  of  Constantine 
was  indebted  to  these  waters,  at  one  period  of  her  life,  for  her  res- 
toration to  health ;  and  from  this  fact  (according  to  the  authority 
of  the  celebrated  archseologist,  the  Patriarch  of  Constantius)  Yal- 
ova was  formerly  called  Helenapolis. 

In  want  of  more  exact  data  we  cite  as  sustaining  thb  supposi- 
tion the  custom  of  the  Greek  villagers  of  the  neighborhood,  kept 
up  for  many  centuries,  of  assembling  at  these  baths  on  the  anni- 
versary of  the  f^tes  of  St.  Constantine  and  St.  Helena  to  celebrate 
the  virtue  of  these  waters.     Von  Hammer,  in  his  history  of  the 

•  The  locality  of  these  waters  is  described  very  fully,  as  it  is  little  known, 
being  seldom  visited  by  travelers. 
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Turkish  Empire,  alludes  to  this  place  in  the  following  words: 
"Some  leagues  from  Cara-Mursal,  on  the  south  side  of  the  Gulf 
of  Nicomedia,  there  exist  the  baths  of  Yalova  (ancient  Sergla  or 
Trepanon).  This  place  was  adorned  with  a  great  number  of  pal- 
aces and  hospitals  by  the  Empress  Helen,  whose  father  had  kept 
an  inn  there.  This  place  was  afterward  raised  to  the  rank  of  a 
city  by  Constantine,  the  founder  of  the  Byzantine  Empire,  and 
called  Helenapolis  in  honor  of  his  mother.  It  was  to  this  place 
that  the  first  army  of  the  crusaders,  conducted  by  Peter  the  Her- 
mit and  Gautier  sam-avoiry  took  refuge  after  being  routed  near 
Nicea.  It  was  here  also  that  the  Saracens  constructed  pyramids 
and  towers  with  human  bones.  Helenapolis  has  been  at  all  times 
celebrated  for  its  thermal  waters.  Near  their  source  is  to  be  seen 
the  tomb  of  an  Abdd — that  is,  an  enthusiastic  dervish — who,  armed 
with  a  wooden  sword,  undertook  at  the  head  of  a  body  of  Mussul- 
mans to  conquer  this  city." 

There  are  several  ancient  authors  who  allude  to  these  springs, 
among  whom  are  Ammianus  Marcellinus,  Mela,  and  Anna  Gom- 
nena. 

Yalova,  which  is  now  but  a  small  village,  was  formerly  the 
place  of  debarkation  for  the  inhabitants  of  the  celebrated  cities 
of  Nicomedia,  of  Nicea,  and  of  the  numerous  cities  of  Bithynia, 
who  visited  these  springs.  The  port  of  Couri,  whose  antiquity  is 
indicated  by  several  Greek  inscriptions,  was  probably,  as  now,  fre- 
quented by  those  coming  from  Constantinople  and  other  cities  of 
the  Propontide. 

After  the  fiiU  of  the  Roman  Empire  these  baths  went  to  ruin, 
and  were  almost  forgotten ;  nevertheless  the  reservoirs  and  aque- 
ducts remain  as  in  the  time  of  the  Roman  Empire.  It  is  only  a 
few  years  since  an  Armenian  banker  purchased  the  place  and  con- 
structed houses  for  the  reception  of  the  sick. 

These  waters  have  at  least  nine  sources.  They  flow  from  the 
sides  and  bottom  of  a  hill,  rising  through  a  sandy  bottom  accom- 
panied with  bubbles  of  gas,  and  differ  but  little  in  their  tempera- 
ture and  composition.  The  character  of  the  surrounding  rocks  is 
not  easily  made  out ;  I  am  inclined  to  refer  them,  from  my  obser- 
vations higher  up  the  gulf,  to  the  older  tertiary.  The  waters  in 
their  course  leave  not  the  slightest  deposit,  so  that  the  ancient 
aqueducts  have  never  become  obstructed. 

According  to  the  accepted  classification,  the  mineral  waters  of 
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Yalova  belong  to  the  hot  svlphurovrS  waters.  They  have  at  their 
source  a  very  slight  odor  of  sulphureted  hydrogen ;  but  the  quan- 
tity is  so  small,  either  in  the  water  or  the  gas,  that  it  could  not  be 
estimated.  The  temperature  of  the  waters  is  from  151®  to  156° 
Fahr.,  and  varies  but  little  with  the  changes  of  the  atmospheric 
temperature.  The  water  is  limpid  and  transparent,  and  has  the 
specific  gravity  1.00115.  The  gas  which  escapes  at  the  source 
gave,  on  analysis, 

Nitrogen 97  per  cent. 

Oxygen 8       ** 

One  litre  of  the  water  gave  1.461  gramme  of  solid  matter. 
The  same  quantity  of  water  contains  in  grammes 

Sulphuric  acid 690  Magnesia 002 

Chlorine 086  Alumina trace 

Soda 893  Silica 086 

Lime 208 

Combined  in  the  following  manner: 

Sulphate  of  soda 807  Sulphate  of  magnesia 005 

Sulphate  of  lime 414  Sulphate  of  alumina trace 

Chloride  of  sodium 072  Silica 086 

Chloride  of  calcium 068 

The  composition  of  these  waters  resembles  that  of  the  Bath 
waters  of  England;  the  latter,  however,  not  being  of  so  high  a 
temperature.  They  act  powerfully  on  the  nervous  system  and  on 
the  secretions  and  excretions,  particularly  those  of  the  skin,  which 
renders  them  so  efficient  in  rheumatism,  gout,  etc. 


THERMAL  WATERS  OF  HIERAPOLIS. 

The  ruins  of  the  ancient  city  of  Hierapolis  are  among  the  most 
interesting  in  the  southwestern  part  of  Asia  Minor.  The  place  is 
situated  about  six  miles  from  Laodicea  (one  of  the  seven  churches), 
and  about  one  hundred  and  ten  miles  from  Smyrna.  The  site  is 
seen  for  many  miles  before  it  is  reached,  as  it  rises  abruptly  from 
the  north  side  of  an  extensive  plain,  and  the  sides  of  the  hill  are 
covered  with  an  incrustation  of  dazzling  whiteness  for  upward  of 
a  mile  in  length,  and  from  this  it  has  received  its  present  name, 
Pambuk-kdeaey  (cotton  castle). 

This  place  was  much  admired  in  former  times,  if  we  are  to 
judge  from  the  inscriptions  still  to  be  seen  on  different  parts  of 
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the  ruins,  to  the  following  effect:  **Hail,  golden  city,  Hierapolis; 
the  spot  to  be  preferred  before  any  in  wide  Asia ;  revered  for  the 
rill  of  the  nymphs,  adorned  with  splendor."  The  people,  in  some 
of  these  inscriptions,  are  styled  'Hhe  most  splendid"  and  the  senate 
"  the  most  powerful." 

It  is  a  place  well  known  to  travelers  in  this  part  of  the  world, 
and  therefore  I  shall  confine  myself  strictly  to  what  concerns  its 
thermal  waters,  which  have  ever  been  its  principal  object  of  note, 
as  evinced  by  the  extensive  ruins  of  baths.  In  fact,  the  very  hill 
upon  which  the  city  stands  owes  its  formation  to  the  deposition  of 
carbonate  of  lime  from  these  waters,  and  it  now  rises  upward  of  a 
hundred  feet  above  the  plain,  with  a  width  of  about  six  hundred 
feet.  Immediately  behind  the  city  rises  another  set  of  hills  of  cal- 
careous rock,  from  which  flow  the  waters  in  question;  they  first 
enter  a  large  pool  in  front  of  the  theater,  and  from  this  the  water 
flows  in  numerous  little  streams  that  course  in  channels  made  by 
incrustations  from  the  water.  The  amount  of  water  is  very  great, 
and  it  is  so  highly  charged  with  carbonate  of  lime  as  to  incrust  all 
bodies  that  it  comes  in  contact  with,  and  it  takes  place  so  rapidly 
that  the  concretion  does  not  possess  great  solidity,  and  frequently 
has  a  granular  form,  resembling  driven  snow. 

It  is  this  incrustation,  as  I  before  said,  which  gives  to  the  im- 
mediate site  of  the  city  its  remarkable  character.  In  some  places, 
as  the '  waters  flow  over  the  steeply-inclined  sides  of  the  hill,  it 
forms  a  succession  of  terraces  at  regular  distances,  that  require 
but  little  effort  of  the  imagination  to  liken  it  to  an  amphitheater 
with  its  marble  seats.  At  other  places  it  flows  over  the  precipi- 
tous sides  sixty  or  seventy  feet  high,  and  one  or  two  hundred  feet 
wide,  incrusting  the  precipice  with  a  snow-white  sheet,  which 
might  be  likened  to  a  consolidated  cataract;  and  what  adds  to 
the  delusion,  at  the  base  the  incrustations  have  accumulated  an 
irregular  mass  not  unlike  foam.  This  petrified  stream  extends 
several  hundred  feet  into  the  plain.  It  has  formed  walls  and 
dykes,  and  incrusts  the  grass  and  vegetation  that  it  flows  over, 
and  many  of  the  tufts  of  grass,  in  perfect  verdure,  are  thickly 
incrusted  near  the  roots  with  this  white  carbonate  of  lime. 

The  channels  that  conduct  the  water  through  the  city  are  made 
by  deposits  from  these  waters ;  many  of  them  are  very  deep  and 
almost  arched  over.  The  incrustations  in  and  about  the  city  have 
elevated  the  level  of  it  some  fifteen  or  twenty  feet  since  its  de- 
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struction.  Strabo  tells  us  that  in  his  day  the  people  of  this  city 
conducted  these  waters  into  their  gardens  or  other  places  where 
they  desired  to  form  a  wall,  and  in  a  short  time  they  obtained 
fences  of  a  single  stone,  so  rapid  was  the  deposition.  The  road 
which  leads  from  the  plain  to  the  city  is  a  causeway  that  is  formed 
entirely  from  the  water. 

Phygieal  Properties. — The  water  is  of  remarkable  transparency, 
and  remains  so  after  being  kept  for  any  length  of  time.  Having 
lost  my  thermometer  the  day  before  arriving  at  this  source,  I  was 
unable  to  ascertain  its  exact  temperature.  I  judged  it  to  be  about 
130°  Fahr.     Specific  gtavity  1.00143. 

Chemical  Properties. — Solid  contents  in  one  litre  1.934  gramme. 
One  litre  contains  in  grammes : 

Carbonic  acid,  free 852  Potash trace 

Carbonic  acid,  fixed 462  Lime 689 

Sulphuric  acid 541  Magnesia 164 

Chlorine 012  Silica .008 

Soda 182  Phosphoric  acid 005 

The  combination  of  acids  and  bases  may  be  represented  in  the 
following  manner: 

Bicarbonate  of  soda .078  Sulphate  of  lime 119 

Bicarbonate  of  lime 1.368  Sulphate  of  magnesia 481 

Bicarbonate  of  magnesia 041  Phosphate  of  lime 012 

Chloride  of  calcium 020  Silica 008 

Sulphate  of  soda 341 

The  inenustation  of  the  spring  was  analyzed ;  it  is  remarkably 
white,  and  almost  pure  carbonate  of  lime.  The  composition  is  as 
follows : 


Carbonate  of  lime 98.2 

Silica 00.6 

Magnesia 1 

Phosphate  of  lime. .  j- 1.2=100.0 

Fluoride  of  calcium .  J 


At  the  present  day  these  waters  are  not  used,  and  the  neigh- 
boring country  is  quite  deserted,  with  the  exception  of  a  miser- 
able village  of  some  half  dozen  huts.  In  former  times,  however, 
besides  the  use  of  this  water  for  the  baths,  it  was  greatly  in  repute 
among  the  dyers  in  a  purple  color  made  from  a  kind  of  root ;  and 
owing  to  the  remarkable  adaptation  of  this  water  for  that  purpose, 
the  tint  obtained  is  said  to  have  rivaled  the  more  costly  purple, 
and  to  have  constituted  the  principal  source  of  riches  to  the  city. 
The  company  of  dyers  is  alluded  to  in  the  inscription  on  a  square 
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building  among  the  sepulchers.  These  waters  also  seem  to  have 
possessed  medical  virtues,  if  we  are  to  judge  from  some  of  their 
medals,  on  which  you  find  Apollo  (the  tutelar  deity  of  Hierapolis), 
with  Esculapius  and  Hygeia. 

Strabo  alludes  to  a  circumstance  connected  with  these  waters 
that  I  inquired  into  while  there,  but  without  success.  It  is  the 
existence  of  what  that  author  calls  a  plutojiiunif  described  as  an 
opening  about  the  size  of  a  man  in  the  side  of  the  hill,  with  a 
kind  of  inclosure  of  half  an  acre  in  front  of  it.  From  the  open- 
ing there  issued  constantly  a  dark  vapor  that  filled  the  inclosure 
in  front  of  it.  He  states  that  all  animals  entering  this  inclosure 
became  suffocated,  but  that  the  sacred  eunuchs  who  attended  in 
the  temples  could  enter  with  impunity. 

I  sought  to  discover  this  plutonium,  but  without  success ;  it  was 
doubtless  an  opening  in  the  rock,  from  which  issued  a  mixture  of 
carbonic  acid  and  vapor  of  water,  that  had  subsequently  become 
obstructed. 

THERMAL  WATERS  OF  ESKI-SHEHR. 

Eski-Shehr  is  the  ancient  Dorylseum,  the  plains  of  which  are 
very  extensive.  It  is  mentioned  by  the  Byzantine  writers  as  the 
field  of  the  first  battles  between  the  soldiers  of  the  Eastern  Em- 
pire and  the  Turks.  It  is  situated  on  the  river  Pursceck  or  Thym- 
bius,  which  empties  into  the  Sangarius,  that  flows  into  the  Black 
Sea,  and  is  equidistant  from  that  sea  and  the  sea  of  Marmora, 
being  a  little  over  one  hundred  miles  from  each.  Eski  Shehr  is 
a  city  of  some  importance  to  the  Turks,  and  it  is  from  here  that 
Europe  derives  the  greater  portion  of  that  mineral  called  meer- 
schaum, used  in  making  pipes. 

In  a  certain  quarter  of  this  city,  by  excavating  to  the  depth 
of  a  few  feet,  hot  water  is  obtained,  which  is  a  matter  of  great  an- 
noyance to  the  inhabitants,  as  they  can  have  no  wells  of  drinking- 
water.  It  is  in  this  quarter  that  are  situated  the  celebrated  hot 
baths,  doubtless  used  for  more  than  two  thousand  years,  with  such 
change  in  structure  as  time  and  the  habits  of  the  people  required. 
There  is  here  a  large  excavation  sixty  or  eighty  feet  square,  closed 
in  with  stone  and  roofed  over;  its  depth  I  did  not  measure,  but 
am  told  that  it  is  twelve  or  fifteen  feet.  The  water  arrives  from 
many  sources  at  the  bottom  of  this  reservoir. 
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The  reservoir  was  made  by  the  Greeks  and  repaired  some  years 
ago  by  the  Turks.  The  amount  of  water  furnished  is  very  great, 
and  forms  half  the  water  used  in  turning  a  mill  in  the  neighbor- 
hood. 

The  water  is  allowed  to  flow  from  the  great  reservoir  into  a 
large  Turkish  bath,  as  well  as  from  different  hydrants,  for  the  pur- 
pose of  washing  dyed  stuffs,  etc. 

Physical  Properties. — This  water  is  clear  and  transparent,  and 
when  cold  it  is  very  agreeable  to  the  taste ;  no  gas  escapes  from 
it,  nor  is  there  any  deposit,  even  after  very  long  repose.  Temper- 
ature 119°  Fahr.     Specific  gravity  1.00017. 

Chemical  Compositi(m, — The  solid  contents  in  one  litre  0.260 
gramme.     One  litre  of  the  water  contains  in  grammes 

Carbonic  acid,  free 118   Soda  with  a  little  potash 119 

Carbonic  acid,  fixed 196    Lime 040 

Sulphuric  acid 030   Silica 008 

Chlorine trace 

Combined  as  follows: 

Bicarbonate  of  soda 219    Sulphate  of  lime 029 

Bicarbonate  of  lime 078    Chloride  of  calcium trace 

Sulphate  of  soda 021    Silica 008 

As  is  seen  by  the  analysis,  this  water  is  remarkably  free  from 
solid  matter,  nor  is  it  supposed  by  the  inhabitants  of  the  country 
in  its  neighborhood  to  possess  any  other  than  the  ordinary  prop- 
erties of  water. 

The  geological  character  of  the  coutiguous  country  has  noth- 
ing in  it  that  would  induce  one  to  suspect  the  existence  of  such 
abundant  sources  of  warm  water.  The  plain  of  Esld-Shehr  appears 
to  be  one  of  those  extensive  lacustrine  regions  so  common  in  the 
western  portion  of  Asia  Minor;  the  deposits  consist  of  a  consoli- 
dated breccia.  Imbedded  we  find  the  rocks  of  the  neighboring 
mountains,  as  well  as  the  meerschaum  or  silicate  of  magnesia,  so 
extensively  worked  for  exportation.  Thermal  waters  are  obtained 
in  numerous  parts  of  the  plain  as  well  as  at  Eski-Shehr. 


THERMAL  WATERS  OF  TROY. 

Near  the  plains,  in  which  are  supposed  to  have  been  situated 
the  ancient  city  of  Troy,  are  numerous  sources  of  thermal  waters, 
of  several  of  which  I  procured  specimens ;  only  two,  however,  have 
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been  analyzed,  the  others  not  having  arrived  at  my  laboratory. 
These  springs  are  those  alluded  to  by  Homer,  and  they  have  en- 
joyed more  or  less  reputation  from  the  time  of  the  Trojans  to  the 
present  date.  The  two  that  I  have  examined  are  saline  and  their 
sources  near  each  other.  Analysis  shows  them  to  be  identical. 
The  physical  properties  will  be  alluded  to  when  the  other  waters 
from  thb  locality  have  been  examined. 

Chemical  Omvpositvon, — One  litre  contains  of  solid  matter  21.301 
grammes.    The  same  quantity  of  water  has  in  its  composition 

Carbonic  acid,  fixed. 0596  Lime 1.4000 

Sulphuric  acid 0680  Magnesia 3012 

Chlorine 12.8000  Oxide  of  iron trace 

Bromine trace  Silica 0600 

Soda 9.2110 

Combined  as  follows: 

Carbonate  of  lime 1226  Chloride  of  magnesium 7031 

Sulphate  of  Boda 0607  Bromide  of  magnesium trace 

Sulphate  of  lime , .       .0640  Chloride  of  iron trace 

Chloride  of  sodium 17.4460  Silica 0600 

Chloride  of  calcium 2.6078 


THERMAL  WATERS  OF  MITYLENE. 

Upon  this  island,  the  ancient  Lesbos,  there  are  several  warm 
springs,  and  much  of  the  geological  structure  of  the  place  is  vol- 
canic. I  visited  two  of  the  springs ;  the  first  is  near  to  the  village 
of  Mitylene,  and  immediately  on  the  shores  of  the  gulf  of  Olives ; 
it  is  called  Kelemyeh  OiUinjah,  and  there  are  two  baths  attached 
to  it. 

KELEMYEH  OULINJAH  SOURCE. 

The  water  is  clear  and  flows  without  leaving  a  deposit.  Its 
temperature  is  102*^  Fahr.  (atmosphere  at  77°),  and  when  cold 
there  is  nothing  marked  in  its  taste. 

Chemical  Compoiition. — There  are  1.250  grammes  of  solid  mat- 
ter in  a  litre  of  the  water,  which  contains  the  following  ingredients 
in  grammes : 

Carbonic  acid,  free 166  Soda 278 

Carbonic  acid,  fixed 066  Lime 162 

Sulphuric  acid 040  Magnesia 070 

Chlorine 670  Silica 016 

Combined  as  follows: 
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Bicarbonate  of  lime 2450   Chloride  of  calcium .0865 

Sulphate  of  soda 0857    Chloride  of  magnesium 1628 

Sulphate  of  lime 0880   Silica 0150 

Chloride  of  sodium 6510 

The  other  source  visited  on  the  island  of  Mitylene  is  about  six 
mOes  north  of  the  village,  and  is  called  Tmtda;  there  are  baths 
attached  to  it,  and  the  waters  are  strongly  saline. 

TOUZLA   SOURCE  (sAMNE). 

Physical  Properties. — The  water  does  not  flow  clear,  being  more 
or  less  tinged  with  yellow  produced  by  some  organic  acid  in  com- 
bination with  lime.  This  deposit  is  seen  to  mark  the  course  of  the 
water  as  it  flows  down  the  beach  into  the  sea,  which  is  very  near 
to  it.  Temperature  of  the  water  117°  Fahr.  (atmosphere  at  76°). 
Specific  gravity. 1.0263. 

Chemical  Composition. — ^There  are  34.520  grammes  of  solid  mat- 
ter in  a  liter  of  the  water,  which  contains  the  following  ingredients 
in  grammes : 

Carbonic  acid,  fixed 050  Lime 2.584 

Sulphuric  acid 1.648  Magnesia 110 

Chlorine 18.440  Alumina; 012 

Bromine,  minute  quantity,  not  esti-  Iron 003 

timated.  "  Soda 14.858 

Combined  as  foUows: 

Carbonate  of  lime 0912  Chloride  of  calcium •.  2.0040 

Sulphate  of  soda 1 .4625  Chloride  of  magnesium 2023 

Sulphate  of  lime 1.3000  Carbonate  of  iron 0038 

Sulphate  of  alumina 0221  Bromide  of  magnesium,  minute  quan- 

Chloride  of  sodium 28.0260  tity. 

There  are  several  other  sources  of  thermal  water  in  various 
parts  of  this  island ;  the  one  reputed  to  have  the  greatest  temper- 
ature is  about  eighteen  miles  from  the  latter,  and  called  FezUkeh; 
this  source  I  could  not  visit,  and  can  therefore  say  nothing  of  it 
from  personal  examination.  There  is  yet  one  other  source  that  I 
will  allude  to — the 


TIBERIAD  THERMAL  WATERS. 

The  source  of  these  waters  is  upon  the  borders  of  the  sea  of 
Galilee  and  within  a  mUe  of  the  city  of  Tiberias,  of  the  solid 
structure  of  which  repeated  earthquakes  have  left  but  little.    The 
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surrounding  country  shows  marked  evidence  of  extensive  volcanic 
action. 

There  are  several  sources  at  the  place  I  visited,  but  they  seem 
to  vary  little  from  each  other.  They  flow  into  Turkish  baths,  and 
from  them  pass  into  the  sea,  on  their  way  leaving  a  slight  yellow 
deposit,  which  is  doubtless,  as  in  many  of  these  waters,  a  crenate 
of  lime. 

Their  temperature  was  not  accurately  ascertained  for  want  of 
a  thermometer,  but  I  should  consider  it  about  120°  Fahr. 

Chemical  Compoiition. — In  one  litre  23.540  grammes  of  solid 
matter.    The  same  quantity  of  water  furnished  in  grammes 

Carbonic  acid,  fixed 006  Lime 443 

Sulphuric  acid 197  Magnesia 119 

Chlorine 18.989  Silica 006 

Soda 8.751 

Combined  as  follows: 

Sulphate  of  soda 0620  Chloride  of  calcium 7800 

Sulphate  of  lime 0386  Chloride  of  magnesium 1850 

Sulphate  of  magnesia .0151  Silica 0060 

Chloride  of  sodium 22.2330  Carbonate  of  lime 0106 

The  quantity  of  water  biiought  away  was  too  small  to  examine 
for  the  presence  of  bromine. 

This  is  the  last  of  the  thermal  waters  of  Asia  Minor  which 
have  been  examined;  there  are  a  few  others  that  may  yet  reach 
me,  when  the  composition  will  be  made  known  as  soon  as  ex- 
amined. 

CAUSE   OF  THE  THERMAL  WATERS  IN  WTESTERN   ASIA   MINOR. 

The  cause  of  the  abundance  of  warm  springs  in  this  quarter 
of  the  globe  (in  all  formations  from  the  alluvial  to  the  oldest 
rocks)  is  doubtless  owing  to  the  extensive  igneous  action  within 
no  great  depth  beneath  the  surface  of  the  country ;  a  fact  evinced 
by  the  frequency  of  earthquakes,  but  more  especially  by  their  ex- 
tent ;  for  they  almost  invariably  extend  from  one  end  of  it  to  the 
other,  as  well  as  to  the  neighboring  islands. 

Neither  time  nor  change  of  government  has  contributed  so 
much  to  the  destruction  of  the  hundreds  of  magnificent  cities 
which  once  covered  this  country  as  the  desolating  influence  of  the 
earthquake,  and  many  are  the  cities  that  now  exist  which  have 
been  prostrated  over  and  over  again  and  rebuilt,  each  time  in 
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diminished  splendor,  till  at  last  they  are  little  better  than  collec- 
tions of  huts  when  contrasted  with  their  original  condition.  All 
the  country  at  the  present  day  seems  to  be  as  much  subject  to  them 
as  formerly. 

The  only  part  of  Western  Asia  Minor  where  phenomena  are 
seen  strictly  analogous  to  those  of  active  volcanoes  is  in  the  Cator 
eecaumene,  or  burnt  district,  situated  in  Lydia,  about  one  hundred 
miles  east  of  Smyrna.  Numbers  of  volcanic  cones  exist  in  the 
neighborhood  of  Koola,  the  craters  of  many  of  which  are  quite 
distinct,  especially  the  one  called  Kaplar  Alan,  which  has  a  perfect 
crater  about  half  a  mile  in  circumference,  and  two  or  three  hun- 
dred feet  deep.  The  extent  of  this  region  is  some  twenty  miles 
long  by  eight  broad.  We  have  no  record  of  any  activity  in  these 
volcanoes,  and  Strabo  described  them  in  his  day  quite  as  they  are 
now,  and  the. Turks  give  to  Satan  the  full  credit  of  having  created 
such  a  black,  parched-up  district.  My  object  at  the  present  time 
is  merely  to  mention  this  district,  as  a  full  description  of  it  enters 
into  a  paper  on  the  earthquakes  and  volcanoes  of  Asia  Minor,  that 
I  propose  publishing  at  some  future  time;  it  is  brought  forward 
now  merely  to  show  what  this  volcanic  center  has  to  do  with  the 
thermal  springs  just  described. 

REMARKS  ON  THE  OCCURRENCE  OF  NITROGEN  IN  THERMAL  WATERS. 

The  only  substance  connected  with  these  waters  that  I  shall 
allude  to  is  the  nitrogen  contained  in  the  gas  accompanying  many 
of  them,  and  in  some  instances  constituting  almost  the  entire  gas- 
eous product,  as  in  the  case  of  the  springs  of  Yalova.  This  singu- 
lar fact  attracted  my  attention  several  years  ago  while  examining 
into  the  gaseous  products  of  various  springs,  and  I  then  ascertained 
that  the  gas  was  found  especially  with  warm  springs ;  the  nitro- 
gen, when  found  accompanied  with  oxygen,  existed  in  proportions 
much  greater  than  in  the  atmosphere,  and  in  numerous  instances 
it  was  almost  pure.  The  question  naturally  arises,  whence  comes 
this  nitrogen?  And,  as  we  know  of  no  other  natural  source  of 
nitrogen  than  the  atmosphere,  it  occurs  to  the  mind  that  there  is 
a  source  of  the  gas  in  the  thermal  waters,  which  before  they  pass 
to  the  heated  substrata  absorb  a  certain  amount  of  air ;  the  oxy- 
gen of  the  air  contained  in  the  water  combines  with  the  rocks  and 
minerals,  or  is  taken  up  by  some  deoxidizing  agent  in  the  waters. 
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which,  as  they  return  to  the  surface,  naturally  bring  the  nitrogen 
of  the  air  freed  of  all  or  most  of  its  oxygen. 

This  explanation,  which  appears  so  natural,  does  not,  however, 
account  for  the  &ct,  and  I  have  been  obliged  to  abandon  it.  Did 
the  nitrogen  in  these  waters  occur  in  such  small  quantities  as  we 
might  suppose  to  have  been  absorbed  by  water,  the  explanation 
would  hold  good ;  but  the  &ct  in  the  case  of  the  springs  at  Yal- 
ova  and  many  other  sources  is  that  the  gas,  which  is  nearly  pure, 
bubbles  up  in  great  abundance.  Again,  if  the  nitrogen  evolved  by 
springs  be  simply  such  as  the  water  absorbs  before  penetrating  the 
surface  of  the  earth,  how  does  it  happen  that  this  gas  escapes  from 
springs  of  ordinary  temperature  ?  For  it  is  reasonable  to  suppose 
that  the  water,  having  once  taken  into  solution  a  gas,  will  not  give 
it  out  except  by  heat  or  the  presence  of  a  large  amount  of  saline 
matter,  neither  of  which  occur  to  explain  the  evolution  of  nitro- 
gen gas  from  certain  springs. 

Feeling  thus  satisfied  that  the  nitrogen  in  the  gaseous  products 
of  springs  is  not  owing  to  its  absorption  from  the  atmosphere,  its 
origin  has  been  sought  for  elsewhere,  but  without  success,  and  I 
am  constrained  to  believe  that  nitrogen  is  one  of  those  elements 
stored  up  in  the  interior  of  the  earth,  in  more  or  less  abundance, 
either  pure  or  combined,  and  frequently  finds  its  way  to  the  sur^ 
face  through  those  fissures  by  which  mineral  waters  are  conducted. 
Its  more  frequent  occurrence  with  thermal  waters  is  doubtless 
owing  to  the  greater  depth  from  which  the  latter  come. 

After  all,  however,  that  has  been  said,  we  must  acknowledge 
the  explanation  as  imperfect,  and  as  only  furnishing  another  evi- 
dence of  the  difficulty  of  learning  any  thing  of  the  origin  or  uses 
of  this  singular  substance,  nitrogen,  in  its  elementary  stat«. 

ON  THE  ANALYSIS   OF  THESE  WATERS,  PARTICULARLY  WITH  REFER- 
ENCE TO  THE  SILICA   AND   ALKALIES. 

The  general  method  of  analysis  adopted  differed  but  little  from 
that  usually  employed,  and  the  construction  of  the  salts  out  of  the 
acids  and  bases  has  been  made  entirely  from  the  dictates  of  my 
judgment  in  the  matter. 

The  examination  of  the  silica  attracted  considerable  attention, 
from  the  fact  that  we  are  always  in  the  habit  of  estimating  it  as 
uncombined  silica,  even  when  found  in  alkaline  waters.    Although 
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my  researches  are  sufficient  to  prove  to  my  mind  the  inaccuracy 
of  this,  still  I  have  not  thought  proper  in  this  paper  to  deviate 
fipom  the  rule  generally  adopted,  leaving  it  to  more  extended  re- 
search to  decide  the  point. 

In  the  analysis  of  the  waters  of  Broosa,  nearly  all  of  which 
are  alkaline,  the  following  &ct  has  been  observed :  that  on  con- 
centrating a  considerable  quantity  of  the  water  to  a  small  bulk 
all  the  carbonate  of  lime  is  precipitated  and  a  portion  of  the  silica 
(whether  in  combination  with  lime  or  not  is  not  yet  decided);  but 
a  large  portion  of  the  same  still  remains  in  solution,  as  well  as 
some  lime,  although  the  water  is  alkaline  with  an  excess  of  car- 
bonate of  soda.  The  silica  is  in  such  quantity  that  it  could  remain 
only  in  solution  in  co^nbination  with  an  alkali ;  in  fact,  there  is  a 
silicate  of  soda  and  lime  present. 

The  question  here  arises  whether  the  silica  was  in  a  state  of 
combination  before  the  water  was  concentrated,  or  is  it  a  result 
that  has  taken  place  during  the  evaporation.  This  question  can 
only  be  decided  by  more  extended  investigation. 

The  observation  of  the  above  fact  has  led  me  to  adopt  the 
following  method  of  estimating  the  silica  in  mineral  waters :  Take 
a  certain  quantity  of  the  water,  evaporate  almost  to  dryness,  add 
hydrochloric  acid,  a  little  more  than  is  required  to  saturate  the 
carbonates  present.  Continue  to  evaporate  to  complete  dryness, 
and  then  add  water  acidulated  with  a  little  hydrochloric  acid; 
filter  and  wash  the  silica  that  remains  upon  the  filter.  In  this 
manner  we  are  sure  to  have  the  silica  perfectly  free  from  any 
silicate. 

The  method  adopted  for  estimating  the  alkalies  will  be  men- 
tioned in  a  few  words,  as  more  details  of  it  will  be  given  in  a 
paper  devoted  especially  to  that  subject.  The  method  has  partic- 
ular reference  to  the  separation  of  the  alkalies  from  magnesia. 

SEPARATION  OF  THE   ALKALIES  FROM  MAGNESIA. 

Take  the  solution  filtered  from  the  silica,  evaporate  to  dryness 
to  drive  off  the  excess  of  acid,  add  a  little  water  to  redissolve, 
then  add  pure  lime-water  and  filter,  when  the  chlorides  of  the 
alkaline  metals  and  calcium  with  excess  of  lime  will  pass  through, 
the  magnesia,  alumina,  oxide  of  iron,  etc.  remaining  on  the  filter. 
Separate  the  lime  with  carbonate  of  ammonia,  or  still  better  with 
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oxalate  of  ammonia ;  evaporate  to  dryness,  and  heat  to  drive  off 
the  ammoniacal  salts,  when  nothing  but  the  chlorides  of  alkaline 
metals  will  be  left,  which  can  then  be  separated  in  the  ordinary 
way. 

This  completes  the  description  of  all  the  thermal  waters  of 
Asia  Minor  which  have  as  yet  come  under  my  notice,  with  the 
observations  that  the  investigations  have  given  rise  to. 
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Communicated  to  the  Academy  of  Sciences  of  the  French  Institute,  July,  1850. 


SiUiman'sJour,  x,  1850,  pp.  354-369 ;  Annal.  dee  Mines,  xviii,  1850, 
pp.  259-307 ;  Comptes  Rmdtis,  xxxi,  1850,  pp.  48-50,  191-193. 

PART  FIRST. 

ON  THE  GEOLOGY  AND  MINERALOGY  OF  EMERY  FROM  OBSERVATIONS 
MADE  IN  ASIA  MINOR. 

Of  all  the  mineral  substances  employed  in  the  arts  few  have 
offered  so  little  opportunity  for  geological  examination  as  emery, 
and  consequently  our  knowledge  of  it  in  this  particular  is  very 
limited. 

Aware  of  the  importance  of  the  study  of  this  substance  in  sUu^ 
both  in  a  scientific  and  practical  point  of  view,  I  did  not  lose  the 
opportunity  afforded  by  my  late  position  under  the  Turkish  Gov- 
ernment to  develop  certain  facts  that  came  under  my  notice  the 
latter  part  of  the  year  1846.  Prior  to  that  period  emery  (which 
term  is  here  used,  as  in  the  arts,  to  express  that  mixed  granular 
corundum  employed  for  abrasion),  though  known  to  exist  in  many 
places  in  greater  or  less  abundance,  was  supplied  to  the  arts  almost 
entirely  from. the  island  of  Naxos  in  the  Grecian  Archipelago.  So 
true  is  this  that  the  proprietors  of  the  mines  in  that  island  con- 
trolled completely  the  price  of  this  mineral.  The  emery  from 
Naxos  frequently  went  under  the  name  of  Smyrna  emery,  from 
the  fact  of  its  coming  to  us  from  that  port,  where  it  is  originally 
carried  from  the  island  for  future  exportation. 

Prior  to  1846  the  existence  of  emery  was  not  remarked  in  Asia 
Minor  or  any  of  the  contiguous  islands,  except  that  of  Samos, 
which  fact  is  alluded  to  in  Tournefort's  travels  in  the  seventeenth 
century.  In  the  latter  part  of  1846  I  arrived  in  Smyrna,  and  was 
shown  specimens,  which  I  regarded  as  emery,  that  came  from  a 
place  about  twenty  miles  north  of  Smyrna.  They  had  been  first 
discovered  through  the  agency  of  a  knife-grinder  of  the  country. 
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who  had  been  in  the  habit  of  using  it  to  charge  his  wheels  with. 
The  importance  of  this  drcumstance  to  the  Turkish  Government, 
as  well  as  to  the  arts  (emery  being  at  that  time  sold  at  a  most  ex- 
orbitant price),  induced  me  to  return  to  Smyrna  in  the  early  part 
of  1847  for  the  purpose  of  examining  the  supposed  locality  of  this 
mineraL  On  this  second  visit  other  localities  were  made  known 
to  me  that  an  English  merchant  by  the  name  of  Healy  had  suc- 
ceeded in  bringing  to  light. 

The  first  locality  toward  which  I  directed  my  examination  was 
that  of  Gumuch-dagh,  a  mountain  about  twelve  miles  east  of  the 
ruins  of  Ephesus.  Before,  however,  arriving  there  I  discovered 
this  mineral  imbedded  in  a  calcareous  rock  in  a  valley  twenty  miles 
south  of  Smyrna,  called  Allahman-Bourgs.  The  position  not  being 
very  fnvorable  for  the  study  of  the  geology  of  this  substance,  my 
route  was  continued  to  the  place  originally  fixed  upon.  Obtaining 
guides  at  the  village  of  Gumuch,  I  commenced  the  examination  of 
the  mountain,  which  is  composed  of  bluish  marble  resting  on  mica- 
slate  and  gneiss.  On  the  very  summit  of  the  mountain  the  emery 
was  found  scattered  about  and  projecting  above  the  surface  of  the 
soil.  After  examining  the  extent  of  the  formation,  and  satisfying 
myself  that  it  was  there  in  situ,  I  returned  to  Constantinople  and 
made  a  report  to  the  Ottoman  Government.  Although  I  gave 
no  notice  to  the  scientific  world  of  the  result  of  my  examination, 
the  editor  of  the  Journal  de  G(mdanHnople  inserted  a  small  note  in 
his  journal,  in  May,  1847,  to  the  following  efiect:  ''M.  Lawrence 
Smith,  American  mineralogist,  discovered  at  Magnesia,  near  to 
Gumuch-Kuey,  an  emery-mine,  of  which  he  brought  specimens  to 
Ck)n8tantinople.  The  government  have  sent  to  the.  place  a  com- 
mission composed  of  Mr.  Smith  and  some  of  the  officers  of  the 
imperial  powder- works  to  examine  thoroughly  into  the  importance 
of  this  mine,  and  according  to  the  report  that  will  be  made  the 
government  will  decide  on  the  steps  to  be  taken  with  reference 
to  it,"  etc. 

This  circumstance,  unimportant  in  itself,  has  subsequently  be- 
come of  great  value  to  secure  to  me  the  priority  of  the  discovery 
and  examination  of  emery  in  dhi  in  Asia  Minor,  and  also  to  show 
that  I  have  been  instrumental  in  the  development  which  has  been 
subsequently  given  to  this  emery  in  a  commercial  point  of  view. 
Since  the  first  discovery  other  localities  have  been  ascertained  by 
me,  all  of  which  will  be  alluded  to  in  this  memoir. 
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LOCALITIES  OF  EMERY  IK  ASIA  MIKOR  AKD  THE  KEIQHBORIKG 

ISLAKDB. 

Oumuehrdagh. — In  going  from  Ephesus  east  to  Gouzel-Hissar 
(the  ancient  Tralles)  we  pass  by  the  ruins  of  the  ancient  city  of 
Magnesia  on  the  Miandre,  and  near  to  this  latter  is  a  beautifiil 
valley,  celebrated  for  its  figs,  in  which  is  situated  the  village  of 
Gumuch  at  the  foot  of  the  mountain  bearing  the  same  name.  It 
was  here  that  the  emery  formation  was  first  examined.  All  the 
rocks  of  the  surrounding  country  appear  to  belong  to  the  old 
series ;  the  limestone  is  entirely  devoid  of  fossils  and  metamorphie 
in  its  character ;  it  rests  on  the  older  schists,  of  which  mica-schist 
appears  the  most  abundant,  and  this  again  further  to  the  north  was 
traced  in  contact  with  gneiss.  The  limestone  is  of  a  light  blue, 
passing  into  a  coarse-grained  marble,  and  on  the  south  side  the 
rock  by  its  decay  leaves  in  many  places  precipices  of  considerable 
elevation  that  add  much  to  the  picturesque  appearance  of  the 
region. 

The  emery  is  found  in  different  places  in  the  Gumuch  Moun- 
tain. The  place,  however,  to  which  it  is  traced  in  greatest  abun- 
dance is  on  a  part  of  the  summit  about  three  miles  from  the  vil- 
lage of  Gumuch,  and  some  fifteen  hundred  or  two  thousand  feet 
above  the  level  of  the  valley.  It  overlooks  the  magnificent  plain 
of  the  Miandre,  whose  curiously  tortuous  course  is  seen  as  if  traced 
on  a  map.  The  emery  lies  scattered  on  the  surface  in  the  greatest 
profusion,  in  angular  fragments  of  a  dark  color,  and  large  masses 
of  several  tons'  weight  are  seen  projecting  above  the  surfisice ;  in 
penetrating  the  soil  the  emery  is  found  imbedded  in  it,  and  a  little 
forther  down  it  is  come  to  in  the  rock.  In  fisict,  by  breaking  the 
marble  that  projects  above  the  surface  at  this  spot,  we  are  sure  to 
find  nodules  of  the  mineral. 

Sometimes  the  emery  forms  almost  a  solid  mass  several  yards 
in  length  and  breadth.  One  of  these  places,  opened  for  the  pur- 
pose of  exploring,  is  about  ten  or  twelve  yards  square,  and  all  the 
rock  taken  out  is  emery ;  the  spaces  between  the  blocks  are  filled 
with  an  earth  highly  charged  with  oxide  of  iron.  In  some  places 
the  masses  are  consolidated  by  carbonate  of  lime  of  infiltration, 
which  must  not  be  confounded  with  the  emery  in  its  original 
gangue  (the  marble),  in  which  it  is  found  in  nodules  sometimes 
round  and  at  other  times  fissured  so  as  to  represent  angular  frag^ 
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ments.  In  no  place  does  it  present  any  thing  like  a  vein,  nor  has 
it  signs  of  stratification.  The  largest  mass  at  this  locality  that  I 
saw  unbroken  must  weigh  from  thirty  to  forty  tons. 

Attached  to  this  mineral,  more  especially  in  the  fissures  and 
on  the  surface,  are  several  minerals  that  will  be  alluded  to  here- 
after. 

KidaJi, — This  locality  of  emery  is  the  s^ond  in  importance  in 
Asia  Minor.  It  is  a  town  situated  about  a  hundred  and  fifty  miles 
from  Gumuch  and  twenty  miles  from  the  ancient  city  of  Philadel- 
phia (one  of  the  seven  churches).  It  is  near  the  river  Hermes, 
and  on  that  interesting  volcanic  district  of  Asia  called  Catacecau- 
mene,  or  the  burnt  country,  resembling  in  many  respects  the  vol- 
•canic  region  of  Auvergne.  The  rocks  forming  the  base  of  this 
region  are  of  the  older  metamorphic  series,  covered  to  a  greater  or 
less  depth  by  lava  of  dififerent  volcanic  periods,  which  has  flowed 
from  the  numerous  craters  that  form  the  prominent  feature  of  this 
region.  The  most  common  rocks  in  the  mountain  ranges  about 
Kulah  are  white  granular  limestone,  mica-slate,  hornblende-schist, 
gneiss,  and  granite ;  the  last  four  are  seen  more  conspicuously  in 
the  mountain  two  or  three  miles  to  the  south,  which  have  not 
been  subjected  to  volcanic  action.  The  limestone  overlies  these 
rocks. 

Before  arriving  at  the  place  where  I  examined  the  emery  (about 
two  miles  to  the  northeast  of  Kulah),  an  outcropping  of  gneiss  was 
seen  and  subjected  to  the  closest  scrutiny  without  discovering  the 
slightest  trace  of  corundum ;  and  I  will  here  remark  that  although 
I  have  found  several  thin  layers  of  mica-schist  engaged  in  the  mar- 
ble, in  no  instance  was  there  any  trace  of  corundum  in  it. 

The  marble  in  this  region  is  very  compact,  of  great  hardness, 
and  I  may  also  add  of  great  purity.  I  can  not  say  whether  this 
hardness  is  traceable  to  a  greater  depth  than  that  to  which  it  has 
felt  the  influence  of  the  supeirim posed  lava.  Here  again  the  emery 
was  found  on  the  surface,  but  not  in  such  abundance  as  at  Gumuch- 
dagh,  and  moreover  the  soil  is  not  as  deep  as  in  the  latter  place. 
The  emery  as  seen  in  the  marble  at  Kulah  is  capable  of  l3eing 
studied  with  the  greatest  satisfaction,  particularly  as  two  or  three 
places  in  the  rock  have  been  quarried. 

Adida. — ^Not  far  from  this  town,  which  is  about  twelve  or  fif- 
teen miles  east  of  Kulah,  I  have  also  discovered  emery;  only, 
however,  in  very  small  quantity. 
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Manser. — About  twenty-four  miles  north  of  Smyrna  emery  is 
found  in  small  quantity  in  the  soil.  In  this,  as  well  as  in  the  for- 
mer place,  white  granular  limestone  is  found. 

Idand  of  Niearia,  Oreeian  Archipdago. — I  have  also  been  able 
to  examine  thoroughly  the  emery  of  this  island,  which  promises 
to  be  of  importance  to  the  arts.  It  is  only  within  about  twelve 
months  that  it  has  been  brought  to  light.  The  mineral  of  this 
locality  presents  some  peculiar  features,  which  will  be  alluded  to 
hereafter.  The  geology  is  the  same  as  that  of  the  other  localities 
already  alluded  to ;  namely,  when  found  in  contact  with  the  rock 
it  is  always  with  limestone. 

Idand  of  Samos. — ^This  locality  has  furnished  me  with  only  a 
few  nodules  imbedded  in  the  soil,  with  a  little  calcareous  rock 
attached  to  the  surface. 

Idand  of  Naxos, — ^This  old  and  well-known  locality  is  here  al- 
luded to  simply  because  it  has  furnished  me  with  specimens,  the 
examination  of  w^hich  forms  a  part  of  this  memoir.  It  is  found 
in  large  blocks  mixed  with  a  red  soil  and  also  imbedded  in  white 
marble.  It  is  taken  principally  from  the  north  and  east  sides  of 
the  island;  the  best  comes  from  Yothrie,  nine  miles  from  the 
shore,  and  is  embarked  at  Sulionos.  Another  good  locality  is  at 
Apperanthos,  seven  miles  from  the  shore,  and  it  is  embarked  at 
a  small  port  called  Moutzona.  In  the  south  of  the  island  it  is 
found  near  Yasso.  It  is  in  such  abundance  on  this  island  that, 
notwithstanding  the  immense  quantity  carried  off,  it  is  not  yet 
found  necessary  to  quarry  it  from  the  rock. 

CONCLUSIONS  WITH  REFERENCE  TO  THE  GEOLOGY  OF  EMERY. 

The  localities  at  Gumuch-dagh  and  Kulah  are  those  which 
a£S)rded  me  the  best  means  of  studying  the  geology  of  emery, 
although  in  every  instance  I  have  found  it  associated  with  the  old 
limestone  overlying  mica-slate,  gneiss,  etc. 

It  is  imbedded  either  in  the  earth  that  covers  the  limestone  or 
in  the  rock  itself,  and  exists  in  masses  from  the  size  of  a  pea  to 
that  of  several  tons'  weight,  generally  angular,  sometimes  rounded, 
and  when  in  the  latter  form  they  do  not  appear  to  have  become  so 
by  attrition. 

The  masses  in  the  soil  possess  but  little  interest  for  the  geolo- 
gist, as  they  may  have  been  left  there  by  the  decomposition  of  the 
rock  or  been  transported  from  other  positions;  still  the  latter  is 
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diflScult  of  supposition  in  reference  to  what  is  found  at  Gumuch- 
dagh,  for  here  it  is  only  on  the  summit  and  not  on  the  sides  of  the 
mountain  that  the  emery  has  been  traced.  But  having  had  the 
means  of  studying  the  emery  and  rock  in  contact,  I  have  come  to 
the  firm  conclusion  that  the  emery  has  been  formed  and  eonsolidated  in 
the  limestone  in  tohich  it  is  found,  and  that  it  has  not  been  detached 
from  older  rocks,  as  granite,  gneiss,  etc.,  and  lodged  in  the  lime- 
stone at  the  period  of  its  formation.  My  reasons  for  so  thinking 
are  the  following : 

1.  In  no  instance  could  the  closest  investigation  of  the  older 
rocks  of  these  localities  that  are  below  the  limestone  fiimish  the 
slightest  indication  of  the  existence  of  emery  there;  and  more- 
over the  masses  of  emery  in  the  limestone  never  had  fragments  of 
another  rock  attached  to  them.  A  few  thin  layers  of  mica-slate 
were  found  in  the  limestone,  but  they  were  not  in  contact  with  the 
emery  nor  contained  any  traces  of  corundum.  I  dwell  thus  much 
on  this  point  because  in  my  specimens  the  calcareous  rock  in  con- 
nection with  the  emery  is  under  two  forms — that  of  the  original 
rock,  and  that  formed  by  the  infiltration  of  calcareous  water  in  the 
fissures  w^hich  exist  near  the  surface. 

2.  The  limestone  immediately  in  contact  with  the  emery  dififers 
almost  invariably  in  color  and  composition  from  the  mass  of  the 
rock ;  and  at  Kulah,  where  the  marble  forming  the  rock  is  remark- 
ably pure  (as  evinced  by  analysis),  the  part  in  contact  with  the 
emery  is  of  a  dark-yellow  color,  resembling  spathic  iron,  and  con- 
tains a  large  portion  of  alumina  and  oxide  of  iron.  The  thickness 
of  this  interposing  coat  betw^eeu  the  emery  and  the  marble  &  vari- 
able ;  but  what  is  certain,  it  passes  gradually  into  white  marble, 
so  that  their  crystalline  structures  run  into  each  other,  showing 
that  they  are  one  and  the  same  rock.  Had  the  masses  of  emery 
been  broken  from  an  older  rock  and  imbedded  in  the  marble- at  its 
formation ,  there  is  no  reason  why  the  contact  should  not  always  be 
direct  and  immediate  without  this  transition  from  ferro-aluminous 
limestone  to  pure  marble.  What  we  see  is  just  what  should  be 
expected  in  ferruginous  and  aluminous  minerals  forming  and  sep- 
arating themselves  from  a  limestone  not  yet  consolidated. 

This  kind  of  separation  between  the  emery  and  the  marble  has 
been  highly  useful  in  the  facility  that  it  has  indirectly  afibrded  for 
exploring  this  mineral.  It  has  been  stated  that  at  all  the  locali- 
ties under  consideration,  but  principally  at  Gumuch  and  Naxos^ 
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the  emery  exists  in  great  abundance,  detached  from  the  rock,  in 
a  red  earth.  Now  this  earth  is  simply  the  result  of  the  decompo- 
sition of  this  heterogeneous  calcareous  envelope,  which  from  its 
nature  is  easy  of  disaggregation  by  the  influence  of  atmospheric 
agents.  Had  the  emery  been  in  immediate  contact  with  the  mar- 
ble, we  could  hardly  have  expected  this  spontaneous  separation  in 
so  great  a  quantity.  I  have  in  some  instances  seen  small  nodules 
of  emery  in  small  cavities  in  the  rock,  but  perfectly  detached. 

3.  The  immense  mass  alluded  to  as  covering  several  square 
yards  of  surface  is  another  evidence  of  the  emery  having  been 
formed  in  the  limestone ;  for  this  mass  does  not  consist  of  a  single 
piece,  but  of  a  number  of  different  sizes,  not  lying  together  irreg- 
ularly, but  with  their  contiguous  surfaces  more  or  less  parallel, 
although  removed  a  little  distance  from  each  other ;  in  fact,  it  is 
just  what  we  would  expect  in  a  large  mass  that  for  some  cause  or 
other  had  been  fissured  in  various  directions. 

4.  Yet  another  circumstance  to  be  remarked  in  connection  with 
this  part  of  the  subject  is  that  in  the  examination  of  the  surface 
of  contact  between  the  emery  and  the  rock  we  do  not  always  see 
it  marked  by  a  distinct  outline ;  but  the  minerals  constituting  the 
emery,  as  well  as  those  associated  with  it,  are  more  or  less  dissem- 
inated in  the  limestone  at  the  point  of  contact.  The  value  of  this 
argument  is  better  understood  on  examining  the  specimens  in  my 
possession. 

Enough  having  been  said  to  prove  that  the  emery  under  con- 
sideration was  formed  within  the  limestone  in  which  it  is  found,  I 
will  allude  to  the  process  of  segregation  which  has  given  rise  to 
this  formation. 

It  would  appear  that  the  substances  eliminated  from  the  cal- 
careous rock  were  silica,  alumina,  and  oxide  of  iron,  and  that  these 
three,  in  the  exercise  of  homogeneous  and  chemical  attractions, 
have  given  rise  to  the  minerals  which  constitute  and  are  associated 
with  emery.  In  my  collection  there  is  a  specimen  exhibiting  this 
fact  in  a  remarkable  manner.  It  is  a  nodule,  showing  emery  in 
the  center,  with  two  concentric  layers,  the  inner  of  chloritoid  and 
the  outer  of  emerylUe;  the  latter  was  in  contact  with  the  limestone. 

Emery — Mixture  of  corundum  (alumina  a  little  hydrated)  and  oxide 
of  iron. 

C?iZo7*i<oirf— Silica  24,  alumina  40,  oxide  of  iron  28,  water  7. 
EmeryliU — Silica  80,  alumina  60,  lime  13,  water  6. 
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It  is  seen  that  in  commencing  from  the  external  surface,  in 
which  direction  we  must  regard  the  consolidation  of  the  nodule, 
the  larger  portion  of  silica  eliminated  has  combined  with  a  large 
portion  of  alumina  and  some  lime  to  form  a  peculiar  mineral; 
next,  the  remainder  of  the  silica  combines  with  an  additional  quan- 
tity of  alumina  and  considerable  oxide  of  iron  to  form  another 
mineral;  and  finally,  the  remaining  alumina  and  oxide  of  iron 
crystallize  separately.  Facts  of  this  kind  in  geology  are  not  in- 
frequent, but  they  are  always  highly  interesting  and  worthy  of 
remark. 

In  concluding  the  geological  considerations  of  emery  with  ref- 
erence to  the  localities  in  Asia  Minor  and  the  neighboring  islands, 
I  would  remark  that  at  some  future  time,  when  the  observations 
become  extended,  it  will  doubtless  be  found  that  the  emery  forms 
the  geognostic  mark  of  extensive  calcareous  formations  in  that 
part  of  the  world,  just  as  the  flints  do  in  the  chalk  of  Europe. 

MmERALOGICAL  POSITION  OF  EMERY. 

Emery  is  considered  by  some  as  corundum ;  others  suppose  it 
represented  by  some  rock  or  other,  not  always  the  same,  in  which 
corundum  is  disseminated  in  greater  or  less  quantity ;  others  again 
consider  it  a  mixture  of  corundum  and  oxide  of  iron.  I  am  of 
opinion  that  the  latter  is  the  most  correct  manner  of  regarding 
this  substance. 

Emery,  properly  speaking,  is  not  a  simple  mineral,  but  a  me- 
chanical mixture  of  granular  corundum  and  oxide  of  iron,  in 
which  the  former  usually  predominates.  It  has  not  the  as])ect 
of  corundum  disseminated  in  a  rock,  for  it  is  found  in  distinct 
masses  of  dififerent  dimensions  and  of  great  hardness,  and  when 
broken  giving  way  in  the  direction  of  fissures,  which  exist  com- 
monly in  the  mass.  Most  frequently  there  is  no  other  evidence 
of  the  presence  of  corundum  in  emery  but  its  hardness.  The 
oxide  of  iron  present  is  always  under  the  form  of  magnetic  oxide 
more  or  less  mixed  with  oligiste ;  sometimes  it  is  titaniferous. 
There  are  other  minerals  associated  with  the  emery,  all  of  which 
will  be  described  hereafter. 

The  aspect  of  this  substance  differs  more  than  is  supposed,  for 
until  lately  the  emery  brought  from  Naxos  has  been  the  criterion 
by  which -to  judge  others.     The  localities  that  I  have  discovered 
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furnish  me  with  specimens  showing  considerable  diiTerence  not 
only  as  regafds  color,  but  also  in. the  structure. 

The  Naax>8  emery  is  of  a  dark  gray  with  a  mottled  surface,  and 
with  small  points  of  a  micaceous  mineral  disseminated  in  the  mass. 
It  frequently  contains  bluish  specks  or  streaks,  which  are  easily 
recognized  as  being  pure  corundum. 

The  Oumuch-dagh  emery  is  commonly  of  a  fine  grain,  and  dark- 
blue  bordering  on  black,  not  unlike  certain  varieties  of  magnetic 
iron-ores.  With  this  variety  we  frequently  find  pieces  of  corun- 
dum of  some  size.  The  interior  of  the  mass  is  tolerably  free  from 
the  micaceous  specks  found  in  that  of  Naxos. 

The  Kvlah  emery  is  usually  coarse-grained  and  much  darker 
than  that  of  Gumuch-dagh,  its  external  surfece  resembling  some- 
times that  of  chromate  of  iron. 

The  Nioaria  emery  in  many  instances  presents  a  schistose  or 
lamellated  structure  to  a  very  remarkable  degree,  so  much  so  that 
certain  specimens  might  pass  for  gneiss.  The  color  is  dark-blue 
and  somewhat  mottled,  like  that  of  Naxos.  There  is  also  much 
that  is  quite  compact  found  in  the  same  locality.  The  lamellated 
variety  contains  an  abundance  of  a  micaceous  mineral,  which  in 
this  instance  appet^rs  to  have  determined  its  structure. 

The  Samos  emery,  as  yet  found  only  in  small  quantities,  and 
in  the  form  of  nodules,  is  uniformly  of  a  dark-blue  color,  some- 
times of  a  coarse-grained  and  at  other  times  of  a  fine-grained 
structure,  not  unlike  certain  varieties  of  very  compact  blue  lime- 
stone. 

Fracture, — The  fracture  of  emery  is  tolerably  regular,  and  the 
surface  exposed  is  granular,  of  an  adamantine  aspect;  it  is  ex- 
ceedingly diflScult  to  break  when  not  traversed  by  fissures  or  not 
of  a  lamellated  structure,  as  much  of  that  from  Nicaria. .  When 
reduced  to  powder  it  varies  in  color  from  that  of  a  dark-gray  to 
black.  The  color  of  its  powder  affords  no  indication  of  its  com- 
mercial value. 

The  powder  examined  under  ihe  microscope  shows  the  distinct 
existence  of  the  two  minerals,  corundum  and  oxide  of  iron,  which 
appear  inseparable,  as  the  smallest  fragment  contains  the  two  to- 
gether. 

Magnetism. — As  it  is  natural  to  suppose,  all  specimens  of  emery 
affect  more  or  less  the  magnetic  needle ;  in  some  the  magnetism  is 
barely  perceptible,  in  others  it  amounts  to  strong  polarity. 
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Ocfor. — Emery  when  moistened  always  affords  a  very  strong 
argillaceous  odor — even  the  most  compact  varieties. 

Specific  gravity. — ^The  different  varieties  do  not  vary  much  in 
their  specific  gravity,  it  being  always  in  the  neighborhood  of  4. 
The  specific  gravity  of  various  specimens  will  be  given  bn  a  fol- 
lowing page. 

Hardness, — The  hardness  of  emery  is  its  most  important  prop- 
erty, as  to  it  is  due  the  value  of  this  substance  in  the  arts.  For 
this  reason  I  have  devoted  much  time  and  attention  to  the  deter- 
mination of  it.  In  a  mineralogical  sense,  its  hardness  is  not  difii- 
cult  to  determine;  for  if  we  try  different  varieties  of  emery  by 
scratching  agate  or  other  hard  substance,  the  effect  will  naturally 
be  very  nearly  the  same,  for  in  every  case  it  will  be  some  point  of 
corundum  that  has  produced  the  scratch.  If,  however,  we  happen 
not  to  rub  a  point  of  corundum  against  the  agate,  no  effect  will  be 
produced  on  the  latter,  but  the  emery  will  yield.  As  this  method 
leads  to  no  practical  result,  I  have  sought  out  another,  which  may 
properly  be  called  one  for  determining  the  effective  hardness  of  emery 
and  corundum,  and  is  as  follows  : 

Fragments  are  broken  from  the  piece  to  be  examined,  and 
crushed  in  a  diamond  mortar  with  two  or  three  blows  of  a 
hammer,  then  thrown  into  a  sieve  (the  one  employed  had  four 
hundred  holes  to  the  square  centimeter);  the  portion  passing 
through  is  collected,  and  that  remaining  upon  the  sieve  is  again 
placed  in  the  mortar  and  two  or  three  blows  given,  then  thrown 
into  the  sieve ;  the  operation  is  repeated  until  all  the  emery  has 
passed  through  the  sieve.  The  object  of  giving  but  two  or  three 
blows  at  a  time  is  to  avoid  crushing  any  of  the  emery  to  too  fine 
a  powder. 

Thus  pulverized,  it  is  intimately  mixed  and  a  certain  portion 
of  it  is  weighed  (as  1  operated  with  a  balance  sensible  to  a  milli- 
gramme, the  quantity  used  never  exceeded  a  gramme).  To  test 
the  effective  hardness  of  this,  a  circular  piece  of  glass  about  four 
inches  in  diameter  and  a  small  agate  mortar  are  used.  The  glass 
is  first  weighed  and  placed  on  a  piece  of  glazed  paper ;  the  pulver- 
ized emery  is  then  thrown  upon  it  little  by  little,  at  each  time  rub- 
bing it  against  the  glass  wdth  the  bottom  of  the  agate  mortar. 

The  emery  is  brushed  off  the  glass  from  time  to  time  with  a 
feather,  and  when  all  the  emery  has  been  made  to  pass  once  over 
the  glass  it  is  collected  from  the  paper  and  made  to  pass  through 
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the  same  operation,  which  is  repeated  two  or  three  times.  The 
glass  is  then  weighed,  after  which  it  is  subjected  to  the  same  oper- 
ation as  before,  the  emery  being  by  this  time  reduced  to  an  im- 
palpable powder.  This  series  of  operations  is  continued  until  by 
repeated  weighing  the  loss  sustained  by  the  glass  is  reduced  to  a 
few  milligrammes.  The  total  loss  in  the  glass  is  then  noted,  and 
when  all  the  specimens  of  emery  are  submitted  to  this  operation 
under  the  same  circumstances  we  get  an  exact  idea  of  their  rela- 
tive hardness. 

The  blue  sapphire  of  Ceylon  was  pulverized  and  experimented 
with  in  this  way;  it  furnished  me  with  a  unit  of  comparison  by 
which  to  compare  the  results  obtained.  This  operation  is  long 
but  certain,  and  for  the  harder  varieties  of  emery  it  is  necessary 
to  repeat  the  rubbing  six  or  seven  times,  and  it  requires  nearly 
two  hours  for  completion. 

The  results  that  I  have  obtained  are  interesting,  and  have  fur- 
nished me  with  the  means  of  forming  conclusions  that  I  could  not 
otherwise  have  come  at. 

Glass  and  agate  have  not  been  chosen  for  this  experiment 
without  a  certain  object,  as  experiments  were  first  made  with  two 
pieces  of  agate,  with  two  pieces  of  glass,  and  with  metal  and  glass. 
The  agates  were  found  too  hard,  as  they  crushed  the  emery  with- 
out producing  hardly  any  abrasive  effect;  the  others  were  found 
not  to  crush  the  emery  sufficiently,  making  the  experiment  tedious 
and  long!  With  the  glass  and  agate  we  have  a  hard  substance 
which  crushes  the  emery,  and  in  a  certain  space  of  time  reduces  it 
to  such  an  impalpable  state  that  it  has  no  longer  any  sensible  effect 
on  the  glass,  and  on  the  other  hand  the  glass  is  soft  enough  to  lose 
during  this  time  sufficient  of  its  substance  to  allow  of  accurate 
comparative  results.  In  the  employment  of  this  method  in  the 
arts  it  would  not  be  necessary  to  go  to  the  sapphire  for  a  standard 
of  comparison ;  any  good  emery  would  answer  the  purpose  quite 
as  well. 

It  must  be  understood  that  this  method  of  coming  at  the  abra- 
sive effects  of  emery  does  not  furnish  the  mineralogical  hardness 
of  this  substance,  by  which  we  understand  the  hardness  of  any 
individual  particle,  as  evinced  by  its  effects  on  a  substance  of  less 
hardness,  without  regard  to  the  molecular  structure  of  the  min- 
eral. Two  minerals  possessing  the  same  hardness  but  differing  in 
structure,  one  being  friable  and  the  other  resisting,  will  be  found 
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very  different  in  their  abrasive  effects ;  for  instance,  break  a  piece 
of  quartz  in  two,  subject  one  of  the  pieces  to  a  white  heat,  and 
after  cooling  compare  the  two  by  rubbing  the  point  against  some 
hard  substance ;  both  will  be  found  to  scratch  equally  well.  Then 
try  the  two  in  a  state  of  powder  by  rubbing  them  between  two 
pieces  of  glass  that  have  been  weighed,  and  the  difference  of  their 
abrasive  effects  will  be  found  very  great,  because  the  one  subjected 
to  the  fire  is  exceedingly  friable  and  becomes  readily  crushed  to 
an  impalpable  powder.  This  fact  is  eminently  true  with  reference 
to  emery,  many  specimens  of  which  containing  the  same  amount 
of  corundum  differ  somewhat  in  their  effective  hardness,  owing  to 
the  more  or  less  compact  structure  of  the  corundum. 

By  the  method  with  the  agate  and  glass  I  have  found  the  best 
emery  capable  of  wearing  away  about  one  half  its  weight  of  the 
glass  (that  used  was  the  common  French  window-glass).  The  sap- 
phire under  the  same  circumstances  wears  away  more  than  four 
fifths  of  its  wtfight.  A  tabular  view  of  the  results  will  be  given 
a  little  further  on. 

CHEMICAL  COMPOSITION  OF  EMERY. 

This  substance  consisting  of  a  mixture  of  corundum  and  oxide 
of  iron  in  various  proportions,  it  is  easy  to  see  what  its  composition 
must  be.  Yet  the  chemical  examination  of  this  mineral,  taken  in 
connection  with  other  properties,  is  not  devoid  of  interest. 

For  the  purpose  of  analysis  the  emery  was  reduced  to  a  state 
of  powder,  in  the  manner  alluded  to  in  speaking  of  its  hardness, 
with  a  diamond  mortar  and  sieve.  The  powder  was  dried  for  twenty- 
four  hours  over  sulphuric  acid ;  a  gramme  was  then  weighed  in  a 
small  platinum  crucible  of  about  one  quarter  of  a  cubic  inch  in 
capacity,  fitted  with  a  cover  that  adapted  itself  well  to  it.  This 
small  crucible  was  placed  in  another  of  earth,  and  the  space  be- 
tween the  two  filled  with  pulverized  quartz  which  also  covered  the 
smaller  one  to  the  depth  of  half  an  inch.  Common  sand  was  not 
used,  because  during  the  heating  some  particles  might  adhere  to 
the  platinum  crucible  by  a  semifusion ;  nor  was  powdered  charcoal 
employed,  because  it  protected  the  mineral  no  better  than  the  pul- 
verized quartz  from  contact  with  the  air,  at  the  same  time  a  little 
risk  was  run  in  decomposing  a  small  amount  of  the  iron. 

Thus  arranged,  the  crucibles  were  heated  to  a  bright-red  for 
from  thirty  minutes  to  one  hour.     After  cooling  the  platinum  cru- 
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cible  was  carefully  withdrawn  and  weighed.  The  loss  furnished 
me  with  the  amount  of  water  in  the  emery. 

It  requires  a  continued  red  heat  to  drive  out  all  the  water,  a 
circumstance  which  is  true  for  a  number  of  minerals,  particularly 
for  those  containing  a  large  amount  of  alumina,  as  diaspore  and 
the  micas,  which  will  be  spoken  of  in  this  paper. 

The  powder,  of  which  the  water  has  been  estimated,  was  next 
submitted  to  levigation  in  a  large  agate  mortar  placed  upon  a 
surj&ce  of  glazed  paper;  and  when  completed  it  was  carefully 
detached  from  the  mortar,  placed  in  a  platinum  capsule,  heated 
gently  to  drive  off  any  hygrometric  moisture,  and  weighed.  The 
increase  of  weight  furnished  the  amount  of  silica  taken  from  the 
mortar. 

The  levigation  of  one  gramme  was  accomplished  iu  two  opera- 
tions, each  requiring  about  twenty  minutes ;  and  by  using  a  mortar 
of  convenient  size  and  the  extremity  of  a  feather  or  a  small  brush 
it  is  possible  to  lose  but  an  insensible  quantity  of  the  mineral,  and 
to  estimate  with  sufficient  precision  the  amount  of  silica  abraded 
•  from  the  mortar. 

Another  method  by  which  I  accomplished  the  levigation  in 
some  of  the  analyses  was  in  a  steel  mortar  of  the  same  form  as 
the  agate  mortar ;  and  when  completed  the  powder  was  placed  in 
a  glass  with  nitric  acid  diluted  with  thirty  times  its  weight  of 
water,  and  left  in  it  for  one  hour,  agitating  it  occasionally.  The 
iron  taken  from  the  mortar  was  dissolved,  and  no  part  of  the 
mineral  attached.  The  next  thing  was  to  filter,  and  continue  the 
analysis  with  the  substance  thus  freed  from  the  iron  of  the  mortar^ 
without  any  second  weighing. 

Of  these  two  methods  I  preferred  to  employ  the  first  for  the 
emery,  as  it  is  more  expeditious  and  almost  if  not  quite  as  exact 
as  the  second.  There  are,  however,  occasions  in  which  the  steel 
mortar  should  be  resorted  to. 

The  substance  once  reduced  to  an  impalpable  powder,  it  was 
necessary  to  render  it  completdy  soluble,  and  my  researches  to 
arrive  at  this  were  long  and  tedious.  In  trying  the  various  known 
methods  the  most  successful  was  found  to  be  that  with  a  mixture 
of  carbonate  of  soda  and  caustic  soda  heated  to  whiteness  for  one 
hour;  nevertheless  I  could  not  obtain  a  complete  decomposition. 
The  decomposition  might  probably  be  completed  if  the  levigation 
was  made  more  thoroughly;  but  it  is  easy  to  understand  that  with 
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a  large  number  of  analyses  of  the  same  substance  to  make,  it  was 
a  desideratum  on  my  part  not  to  consume  the  best  part  of  a  day 
in  the  levigation  of  a  single  gramme,  particularly  as  I  did  not  wish 
to  confide  this  operation  to  another,  as  much  care  was  required 
to  lose  nothing  during  the  levigation.  Mixed  with  carbonate  of 
baryta  and  heated  in  a  forge,  the  decomposition  of  the  mineral  was 
fer  from  being  complete ;  the  same  may  be  said  for  the  treatment 
with  the  caustic  alkalies  in  a  silver  crucible. 

The  bisulphate  of  potash  decomposes  it  almost  entirely  by  a 
single  operation,  but  unfortunately  a  double  salt  of  potash  and 
alumina  is  formed  which  is  almost  insoluble  in  water  or  in  the 
acids,  and  it  is  only  by  a  solution  of  potash  that  it  is  first  decom- 
posed and  afterward  redissolved.  I  will  not  stop  to  detail  all  the 
disadvantages  attending  this  method,  but  will  at  once  speak  of  the 
method  which  gave  me  very  easily  the  most  accurate  results. 

It  is  by  means  of  the  bisulphate  of  soda  that  all  my  analyses 
of  emery,  of  corundum,  and  of  several  aluminates  were  made.  I 
believe  that  I  am  the  first  w^ho  has  shown  the  great  advantage  of 
using  this  double  salt  in  the  decomposition  of  certain  substances 
insoluble  in  the  acids ;  and  very  probably  it  will  replace  in  most 
cases  the  use  of  the  bisulphate  of  potash  in  analytical  chemistry. 
At  present  all  the  advantages  that  may  arise  from  the  substitution 
of  the  soda  for  the  potash  salt  can  not  be  mentioned ;  all  that  I 
will  say  is  that  the  former,  in  giving  a  decomposition  at  least  as 
complete  as  the  latter,  furnishes  a  malted  mass  quite  soluble  in 
water,  and  in  the  future  operations  of  the  analyses  there  is  no  em- 
barrassment from  a  deposit  of  alum. 

The  bisulphate  of  soda  was  prepared  by  adding  an  excess  of 
pure  sulphuric  acid  to  the  pure  carbonate  or  neutral  sulphate  of 
soda,  and  heating  it  in  a  capsule  till  all  the  water  had  been  ex- 
pelled and  sufficient  of  the  acid  to  allow  of  the  mass  becoming 
solid  on  cooling.  That  obtained  in  commerce  is  not  sufficiently 
pure. 

The  pulverized  emery  is  placed  in  a  large  platinum  crucible 
with  six  or  eight  times  its  weight  of  bisulphate  of  soda,  and  the 
mixture  is  heated  over  a  lamp  in  the  same  manner  and  with  the 
same  precautions  as  are  employed  when  using  the  bisulphate  of 
potash.  From  fifteen  to  thirty  minutes  suffice  for  the  operation. 
The  mass  is  allowed  to  cool,  and  water  with  a  few  drops  of  sul- 
phuric acid  are  added  to  it,  and  the  whole  heated,  when  it  soon 
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dissolves,  with  the  exception  of  a  h'ttle  silica  that  renders  the  solu- 
tion milky,  and  a  small  quantity  of  undecomposed  mineral  that  is 
readily  detected  by  rubbing  a  glass  rod  against  the  bottom  of  the 
capsule.  The  liquid  is  now  filtered,  and  the  filter  is  washed  once 
with  a  little  water ;  then  with  its  contents  it  is  placed  in  a  plati- 
num crucible,  burnt  completely,  and  the  residue  is  heated  with  a 
little  bisulphate  of  soda,  which  completes  the  decomposition ;  and 
when  treated  with  water  and  a  drop  or  two  of  sulphuric  acid  all 
except  the  silica  is  dissolved.  The  liquid  which  passes  the  filter 
in  this  case  is  added  to  the  first  and  the  analysis  continued.  The 
silica  obtained  is  diminished  by  the  quantity  taken  up  from  the 
mortar  in  order  to  arrive  at  what  is  actually  contained  in  the 
mineral.  The  filtered  solution  is  heated  with  a  little  nitric  acid  to 
convert  all  the  protoxide  of  iron  into  peroxide ;  then  treated  with 
an  excess  of  caustic  soda  and  a  little  carbonate  of  the  same  alkali ; 
this  redissolves  the  alumina  first  precipitated,  and  thus  separates 
it  from  the  oxide  of  iron  and  a  trace  of  lime.  The  iron  and  lime 
are  separated  in  the  ordinary  way;  the  alkaline  solution  of  alumina 
was  acidulated,  and  the  alumina  precipitated  with  carbonate  of 
ammonia. 

Thus  analyzed,  the  emery  from  different  places  gave  the  fol- 
lowing results: 


No. 


1 
2 
3 
4 

6 
7 
8 
9 
10 


Localities. 


Kulah  . , 
Samos  . , 
Nicaria  , 
Kulah  . . 
Gumuch 
Naxos  . , 
Nicaria  . 
Nax<)s  . 
Gumuch 
Kulah  . . 


Si  ^ 


57 
56 
66 
53 
47 
46 
46 
44 
42 
40 


:  OR 


Chemical  Composition. 


^   1      ^ 

5    '      B 


4.281.90' 
3.9812. 10, 
3.75  2.531 
4.02|2.36, 
3.82'3.11 
3.7514.72 
3.74,3.101 
8.87!5.47| 
4.31|5.62i 
3.89!2.00| 


63.50 
70.10 
71.06 
63.00 
77.82 
68.53 
76.12 
69.46 
60.10 
61.05 


3S-. 


33. 
22. 
20. 
80. 
8. 
24. 
13. 
19. 
33. 
27. 


§    I    f 


25  0. 
21 10. 
321, 
1210. 
6211. 

lo'o. 

0610. 
0812 , 
20,0. 
15|1. 


9211 
624 
404 
50|2 
80!8 
86|3 
72  6 
8ll2 
48,1 
309 


.61 
.00 
.12 
.36 
.13 
.10 
.88 
.41 
.80 
.63 


101.18 
99.03 
99.43 
98.34 
99.48 

101.31 
98.88 
99-23 

101.20. 

101.18 


I  ought  to  mention  that  the  analysis  afforded  other  substances 
in  small  quantities  in  some  of  the  emeries,  as  titanic  acid,  oxide 
of  manganese,  oxide  of  zirconium,  and  sulphur  (existing  in  pyrites); 
but  these  substances  are  unimportant  in  the  composition  of  emery, 
and  are  in  such  minute  quantities  that  it  is  necessary  to  operate 


Digitized  by 


Google 


90  MEMOm  ON  EMEBT. 

on  a  considerable  quantity  of  the  mineral  to  obtain  satisfactory 
results  concerning  them. 

The  analyses  marked  6  and  8  were  made  by  decomposing  the 
emery  as  it  came  from  the  sieve,  without  pulverization  in  the  agate 
mortar.  It  was  by  accident  that  it  occurred,  and  I  was  not  aware 
of  the  neglect  until  it  was  fused  with  the  bisulphate  of  soda ;  but, 
not  wishing  to  lose  the  analysis,  the  operations  were  continued  as 
in  the  other  cases,  only  using  a  little  more  of  the  bisulphate  in 
the  second  decomposition ;  and  somewhat  to  my  surprise  the  de- 
composition was  quite  as  perfect  as  in  the  other  cases.  I  had 
nearly  completed  all  my  analyses  in  the  manner  detailed  when  thi& 
fact  became  known,  so  that  I  have  but  these  two  cases  to  report. 
It  will  simplify  the  analysis  of  corundum  if  pulverization  in  a  dia- 
mond mortar  be  found  sufficient,  and  I  purpose  examining  specially 
into  this  question. 

The  water  which  was  found  in  the  emery  comes  from  the  corun- 
dum, a  fact  which  will  be  shown  when  the  analysis  of  pure  corun- 
dum is  given,  which  will  be  in  the  second  part  of  the  memoir.  A 
very  minute  quantity  of  what  has  been  estimated  as  water  might 
be  a  little  oxygen  lost  by  the  oligist  which  is  sometimes  found  in 
emery.  Those  emeries  which  contain  the  least  water,  every  thing 
else  alike,  are  the  hardest,  as  instanced  by  that  from  Kulah,  not- 
withstanding the  quantity  of  iron  it  contains.  The  silica  existing 
in  emery  is  most  often  in  combination  with  alumina  or  the  oxide 
of  iron,  or  with  both.  For  this  reason  we  must  not  always  regard 
the  quantity  of  alumina  as  an  indication  of  the  quantity  of  corun- 
dum in  the  emery. 

ANALOGIES. 

Emery  at  first  sight  may  be  confounded  with  several  ores  of 
iron,  as  magnetic  iron,  certain  varieties  of  oligist,  and  sometimes 
with  chromate  of  iron;  but  the  fracture  of  emery  is  stony,  which 
differs  from  these  ores  of  iron,  and  besides  the  surface  exposed  is- 
of  a  lighter  color.  From  the  numerous  observations  made  I  may 
set  it  down  as  a  general  rule  that  any  blackish  or  dark-blue  rock 
of  a  strong  argillaceous  smell,  that  scratches  agate  well,  with  a 
specific  gravity  in  the  neighborhood  of  4,  is  sure  to  be  emery. 

THE  MINING  OF  EMERY. 

The  mining  of  this  substance  is  of  the  simplest  character.  The 
natural  decomposition  of  the  rock  in  which  it  occurs  facilitates  its 
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extraction.  As  has  already  been  mentioned,  the  rock  decomposer 
into  an  earth  in  which  the  emery  is  found  imbedded.  The  quan- 
tity found  under  these  favorable  circumstances  is  so  great  that  it 
is  rarely  necessary  to  explore  the  rock.  The  earth  in  the  neigh- 
borhood of  the  blocks  of  emery  is  almost  always  of  a  red  color, 
and  serves  as  an  indication  to  those  who  are  in  search  of  the 
mineral.  Sometimes,  before  beginning  to  excavate,  the  spots  are 
sounded  by  an  iron  rod  with  a  steel  point :  and  when  any  resist- 
ance is  met  with  the  rod  is  rubbed  in  contact  with  the  resisting 
body,  and  the  effect  produced  on  the  point  enables  a  practiced  eye 
to  decide  whether  it  has  been  done  by  emery  or  not'. 

The  blocks  which  are  of  a  convenient  size  are  transported  in 
their  natural  state,  but  most  frequently  they  are  required  to  be 
broken  by  means  of  large  hammers.  When  they  resist  the  ham- 
mer they  are  subjected  to  the  action  of  fire  for  several  hours,  and 
on  cooling  they  most  commonly  yield  to  blows.  It,  however,  hap- 
pens sometimes  that  large  masses  are  abandoned  from  the  impos- 
sibility of  breaking  them  into  pieces  of  a  convenient  size,  as  the 
transportation  either  on  camels  or  horses  requires  that  the  pieces 
do  not  exceed  one  hundred  pounds.  • 

At  Kulah  the  quantity  of  emery  detached  from  the  rock  vra& 
not  very  considerable,  as  it  had  been  protected  from  decomposition 
by  the  beds  of  lava  that  cover  it.  Here  the  marble  was  quarried 
to  get  at  the  emery,  which  was  done  in  the  early  part  of  1847  with 
profit,  although  the  transportation  from  Kulah  to  Smyrna  is  over 
a  distance  of  one  hundred  and  ten  miles  on  the  backs  of  camels. 
Since  the  diminution  of  the  price  of  emery  this  mine  has  been 
abandoned ;  for  the  quarrying  into  the  marble  is  attended  with  the 
greatest  difficulty,  as  the  tools  used  for  boring,  etc.  are  thrown  out 
of  use  in  a  very  short  time  by  the  pieces  of  emery  which  are  en- 
encountered  at  every  instant.  At  present  all  the  emery  sent  from 
Asia  Minor  comes  from  the  mine  at  Gumuch-dagh,  twelve  miles 
from  the  ruins  of  Ephesus. 

COMMERCIAL  CONSIDERATION   OF  EMERY. 

The  use  of  emery  in  the  arts  is  of  very  ancient  date,  a  fact 
proved  by  works  on  hard  stones  that  could  not  have  been  executed 
except  by  emery  or  minerals  of  that  nature.  It  is  very  probable- 
that  emery  coming  from  the  localities  which  have  been  mentioned 
was  used  in  former  ages  by  the  Greeks  and  Eomans.     For  exam- 


Digitized  by 


Google 


92  MEMOIR  ON   EMERY. 

pie,  the  locality  of  Gumuch-dagh  is  immediately  by  the  ancient 
Magnesia  on  the  Miandre,  and  between  Ephesus  and  Tralles,  twelve 
miles  from  each  of  these  cities  and  the  same  distance  from  Tyria. 
In  all  of  these  cities  the  arts  flourished,  and  none  more  than  that 
of  cutting  hard  stones,  if  we  are  allowed  to  judge  from  the  speci- 
mens of  their  skill  in  this  art  that  have  come  down  to  us.  Never- 
theless, the  quantity  of  emery  formerly  employed  was  insignificant 
in  comparison  to  the  quantity  now  required,  more  particularly 
within  the  last  twenty  years,  since  the  use  of  plate-glass  has  been 
extended.  The  annual  consumption  at  the  present  time  is  about 
fifteen  hundred  tons. 

For  various  reasons  the  island  of  Naxos  furnished  for  several 
centuries  almost  exclusively  the  emery  used  in  the  arts,  as  much 
from  the  facility  with  which  it  was  obtained  as  for  the  uniformity 
of  its  quality.  The  emery  exists  in  very  great  abundance  on  this 
island,  and  notwithstanding  the  quantity  already  extracted  there 
still  remain  immense  deposits  of  it. 

The  price  of  this  substance  at  the  end  of  the  last  century  was 
from  forty  to  fifty  dollars  per  ton,  and  between  1820  and  1835  it 
was  at  times  even  less.  About  this  period  the  monopoly  of  the 
Naxos  emery  was  purchased  from  the  Greek  Government  by  an 
English  merchant,  who  so  regulated  the  quantity  given  to  com- 
merce that  the  price  gradually  rose  from  forty  to  one  hundred  and 
forty  dollars  per  ton,  a  price  at  which  it  was  sold  in  1846  and  1847. 
It  was  at  this  time  that  I  commenced  examining  and  developing 
the  emery  formations  of  Asia  Minor,  until  then  unknown.  And 
after  making  a  report  to  the  Turkish  Government  the  monopoly 
of  the  emery  of  Turkey  was  sold  to  a  mercantile  house  in  Smyrna, 
and  since  then  the  price  of  this  article  has  diminished  to  fifty  and 
seventy  dollars  per  ton,  according  to  the  quality.  I  speak  of  the 
prices  in  the  English  market. 

The  different  mines  explored  are  those  of  Naxos,  of  an  ancient 
date ;  of  Kulah,  commenced  in  1847,  and  now  abandoned  for  those 
nearer  the  sea ;  of  Gumuch-dagh,  commenced  in  1847  and  worked 
largely;  and  of  Nicaria,  commenced  in  1850.  From  all  these  dif- 
ferent places  the  emery  goes  to  Smyrna,  and  from  there  principally 
to  England,  the  vessels  taking  it  at  a  very  low  price,  as  it  serves 
for  ballast. 

The  various  mines  belong  to  the  Turkish  and  to  the  Greek 
governments.     The  Greek  Government  now  sells  its  emery  in  lots 
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of  several  tons.  The  Turkish  Government  sells  the  entire  monop- 
oly of  its  mines,  and  consequently  its  operations  are  controlled  by 
a  single  interest ;  but  in  all  probability  this  monopoly  will  be  done 
away  with  in  virtue  of  a  commercial  treaty  existing  between  Tur- 
key and  the  other  powers.  If  this  takes  place,  the  price  of  emery^ 
will  be  still  further  diminished. 

Of  the  different  varieties  of  emery  employed  in  the  arts  that 
of  Naxos  is  still  preferred,  and  with  reason,  as  it  is  more  uniform 
in  its  quality  than  that  coming  from  Kulah  and  Gumuch ;  never- 
theless, if  the  best  qualities  of  that  from  the  island  of  Nicaria  are 
found  in  abundance,  and  that  only  sent  into  market,  it  will  prove 
at  least  equal  if  not  superior  to  that  of  Naxos. 


PART  SECOND. 

ON  THE  MINERALS  ASSOCIATED  WITH  EMERY :  CORUNDUM,  HYDRARGILLITB, 
DIASPORE,  ZINC  SPINEL,  FHOLERITE,  EPHESITE  (a  NEW  SPECIEs),  EMERY- 
LITE  (a  new  species),  MUSCOVITE,  CHLORITOID  (a  NEW  VARIETY), 
BLACK  TOURMALINE,  CHLORITE,  MAGNETIC  OXIDE  OF  IRON,  OLIGIST 
IRON,  HYDRATED  OXIDE  OP  IRON,  IRON  PYRITES,  RUTILE,  ILMENITE, 
.      AND  TITANIFEROUS  IRON. 

SUUman's  Jour,,  xi,  1851,  pp.  53-66.. 

Now  that  it  has  been  shown  that  emery  is  found  in  consider- 
able abundance  in  certain  parts  of  the  world,  occupying  almost  the 
position  of  a  rock,  it  is  useful  to  mention  the  different  accidental 
minerals,  or  minerals  of  elimination,  that  are  found  with  emery,  and 
what  new  facts  have  been  observed  with  relation  to  them.  Corun- 
dum may  be  first  mentioned. 

CORUNDUM. 

Although  emery  is  constituted  principally  of  corundum,  the^ 
examination  of  this  substance  in  its  pure  state,  or  rather  in  the 
form  of  those  prismatic  crystals  which  I  have  sometimes  found  in 
contact  with  emery,  has  brought  to  light  several  new  and  well- 
established  facts  that  could  not  have  been  satisfactorily  ascertained 
from  a  mixed  mineral  like  emery. 

At  Gumuch-dagh  it  is  not  difficult  to  find  large  pieces  of  this 
mineral,  pure  or  mixed  with  a  little  diaspore  and  emerylite;  some- 
times the  crystals  are  very  distinct  under  the  form  of  six-sided 
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prisms.  The  small  crystals  found  in  the  cavities  are  sometimes 
terminated  by  a  summit  of  six  faces.  The  color  of  the  corundum 
found  in  the  different  places  alluded  to  in  this  memoir  is  blue, 
except  that  of  Kulah  and  of  Adulah,  which  is  of  a  greenish  gray. 
All  that  I  have  to  add  to  what  is  already  known  of  this  mineral 
relates  to  its  composition  and  effective  hardness ;  the  latter  was  ascer- 
tained in  the  way  already  described  in  speaking  of  the  emery,  and 
it  has  been  found  to  vary  with  the  composition  of  the  mineral. 
The  analyses  were  made  in  the  same  manner  as  those  of  the 
emery,  and  the  results  which  I  have  obtained  are  as  follows : 


Localities. 


.Sapphire  of  India 

Ruby  of  India 

Corundum  of  Asia  Minor 

Corundum  of  Island  of  Nicaria 

Corundum  of  Asia 

Corundum  of  India 

-Corundum  of  Asia 

Corundum  of  India 


Corundum. 


II? 


81 


100 
90 
77 
65 
60 
68 
67 
55 


al 


GOSIPOSITION. 


4.06  .. 


3.88  1.60 
3.92  0.68 
3.601.66 

3.89  2.86 
3.80,3.74 
3.913.10 


> 

c 


il 


97.511.89 
97.32  1.09 


92.89 
87.52 


1.12 
0.82 


1.67 

7.50 
86.62  8.210.70 
93.120.91:1.02 
87.32  3.121.00 
84.56,7.06.1.20 


s 


0.80;. 

1.21 

2. 05 1  trace. 

2.011 

3.85' 

0.96 

2.6l|...... 

4.O0I  0.25 


The  most  remarkable  fact  ascertained  by  these  analyses  is  the 
presence  of  water  in  variable  quantity  in  all  varieties  of  the  corun- 
dum except  the  sapphire  and  ruby.  To  me  this  jBact  has  a  certain 
value  in  proving  that  the  corundum  and  the  sapphire  are  formed 
under  different  circumstances  and  do  not  belong  to  the  same  geo- 
logical formation.  The  different  structure  of  these  two  species  ot 
corundum  might  make  one  suspect  a  difference  in  the  condition 
of  their  formation ;  and  this  is  somewhat  confirmed  by  the  results 
of  the  beautiful  experiments  of  M .  Ebelmen  in  making  artificial 
corundum  by  subjecting  alumina  and  borax  to  the  heat  of  a  porce- 
lain furnace  for  many  hours — circumstances  under  which  he  al- 
ways obtained  crystals  under  some  of  the  modifications  of  hya- 
line corundum,  and  never  as  prismatic  corundum.  In  addition 
to  tliis  I  remark  that  in  my  most  thorough  examination  of  the 
localities  of  emery  not  the  slightest  trace  of  sapphire  or  ruby  was 
found. 

The  quantity  of  water  found  to  exist  in  corundum  coming  from 
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different  localities  is  variable ;  and  it  would  appear  that,  all  other 
things  being  equal,  those  containing  the  least  water  are  the  hard- 
est. I  will  not  insist  on  the  slight  difference  between  the  hardness 
of  the  sapphire  and  ruby,  having  made  only  one  experiment  upon 
«ach  of  these  minerals. 

The  two  varieties  of  corundum  are  so  evidently  united  by  their 
system  of  crystallization  that  I  would  not  undertake  to  separate 
them  on  account  of  the  presence  of  water  in  one  of  them,  and  that 
in  variable  quantity ;  nevertheless  the  fact  is  important,  as  it  ex- 
plains to  a  certain  extent  their^differences  in  structure  and  hard- 
ness. I  would  remark  that  great  pains  were  used  to  ascertain 
whether  the  water  might  not  be  due  to  the  presence  of  diaspore 
or  some  other  hydrate  of  alumina ;  but  after  the  most  careful  and 
repeated  examinations  this  has  been  decided  in  the  negative. 

HYDRARGILLITE. 

Hydrargillite  is  rarely  met  with.  I  have  one  specimen  with 
this  mineral  forming  the  external  coating  of  a  crystal  of  corun- 
dum, and  also  a  hexagonal  prism  of  the  same  mineral.  It  was 
not  analyzed,  but  its  physical  properties  and  its  reactions  under 
the  blowpipe  served  to  prove  its  identity  with  this  mineral.  The 
specimen  in  my  possession  comes  from  Gumuch-dagh. 

DIASPORE. 

This  mineral  up  to  the  present  time  has  not  occupied  a  very 
important  position  in  mineralogy,  and  has  been  found  only  in  two 
or  three  localities.  In  the  course  of  this  article  I  hope  to  show 
that  it  plays  a  somewhat  important  part  in  the  emery  and  corun- 
dum formations.  Before  my  attention  was  drawn  to  the  mineral, 
first  discovered  by  M.  Lelievre,  it  was  studied  by  M.  Dufrenoy  on 
that  coming  from  Siberia,  and  by  M.  Haidinger  on  the  diaspore  of 
Schemnitz.  Before  going  further  I  would  remark  that  the  gangue 
of  the  latter,  which  has  been  described  as  analogous  to  steatite, 
was  found  by  me  not  to  be  such,  but  a  hydrated  silicate  of  alumina, 
similar  to  one  found  with  the  emery  of  Naxos.* 

♦The  gangue  of  the  Schemnitz  diaspore  hjis  been  examined  by  Hutzel- 
mann  (see  Pogg.  Ann.,  LXXVIII,  676),  who  makes  it  to  contain  three  dis- 
tinct hydrates  of  alumina;  but  this  fact  can  not  be  considered  as  sufficiently 
established.  One  of  these  hydrates  is  named  Dilhiiief  and  another  is  near 
Agalmatolite. 
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To  the  localities  of  diaspore  already  known  I  have  to  add  those 
of  Gumuch-dagh  and  Manser  in  Asia  Minor,  and  the  islands  of 
Naxos,  Samos,  and  Nicaria  in  the  Grecian  Archipelago ;  and  there 
is  reason  to  believe  that  this  mineral  will  be  found  in  almost  every 
corundum  locality.  I  have  already  found  it  on  crystals  of  corun- 
dum from  China. 

In  examining  the  emery  formations  one  of  the  first  things  that 
struck  my  attention  was  the  existence  of  diaspore  and  corundum 
together,  then  observed  for  the  first  time.  The  same  year  M.  Ma- 
rignac  discovered  it  in  the  limestone  of  St.  Gothard,  along  with 
the  well-known  crystals  of  corundum  that  exist  there.  Having 
found  the  diaspore  under  these  new  circumstances,  it  has  been 
examined  with  much  attention. 

At  Gumuch-dagh  the  diaspore  is  found  in  flattened  and  round- 
ed prisms,  with  the  surface  streaked  with  lines  that  aflTord  by  re- 
flected light  an  iridescence.  Crystals  with  perfect  summits  are 
rarely  found,  and  during  two  or  three  days*  examination  on  the 
place  I  found  only  five  small  crystals  with  one  of  the  summits  per- 
fect ;  they  were,  however,  very  beautiful,  and  finer  probably  than 
any  yet  known.  Not  wishing  to  lose  so  favorable  an  occasion  to 
verify  the  crystallography  of  diaspore,  I  requested  M.  Dufrenoy  to 
undertake  the  measurement  of  the  angles,  and  it  is  to  this  able 
professor  that  we  are  indebted  for  the  crystallographic  results  here 
given.* 

The  crystals  are  elongated  needles  crossing  each  other  in  all 
directions,  like  an  acicular  variety  of  aragonite  from  the  Vosges. 
They  resemble  small  crystals  of  topaz  in  luster  and  in  the  disposi- 
tion of  the  vertical  strife  on  the  faces  g.  Their  color  is  yellowish 
white.  They  are  strongly  dichroitic ;  the  summits  under  certain 
inclinations  appear  black,  as  if  the  light  was  completely  polarized. 
The  cleavage  is  very  easy  parallel  to  the  face  g^,  and  it  is  this 
cleavage  that  gives  a  lamellar  structure  to  that  diaspore  which 
is  not  in  the  form  of  needles.  This  cleavage,  notwithstanding  its 
facility,  does  not  expose  surfaces  that  reflect  with  great  accuracy; 
it  is  the  only  angle  which  offers  the  difference  of  a  half  degree  ; 
repeated  measurements  of  the  other  angles  never  varied  more  than 
— J 

♦Three  of  the  crystals  meiisured  are  in  the  Cabinet  of  the  School  of 
Mines  and  Garden  of  Plants  at  Paris.  The  second  crystal  above  is  nearly 
as  thin  as  the  first,  although  represented  thicker,  in  order  to  show  well  all 
the  planes. 
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four  minutes.  The  pearly  luster  of  the  cleavage  in  connection 
with  its  striated  character  are  the  causes  of  this  diflSculty,  which 
at  first  sight  would  not  appear  to  exist,  only  becoming  evident 
when  the  angle  is  examined. 


I   9' 


M 


2a. 


The  crystals,  very  much  flattened,  parallel  to  the  face  g^  are 
represented  by  figures  2  and  3 ;  the  face  g^  does  not  exist,  being 
replaced  by  three  series  of  faces  ^,  the  angles  of  which  could  not 
be  measured;  but  the  almost  absolute  identity  of  these  crystals 
with  those  of  St.  Gothard,  which  M.  Marignac  first  described,  au- 
thorizes one  to  suppose  that  they  are  represented  by  the'crystallo- 
graphic  signs  g^  and  ^§.  The  faces  M  and  those  of  the  summit 
have  a  very  bright  luster.  The  primitive  form  of  the  diaspore  is 
undoubtedly  a  right  rhombic  prism  of  130°  2'.  The  fact  that  the 
base  is  horizontal  is  shown  by  the  identity  of  the  angles  of  the 
faces  V  on  the  anterior  ftices  M  and  the  faces  6'  on  the  posterior 
faces  of  the  same.  This  position  is  verified  in  seeking  for  the 
angle  of  the  edge  V  on  M,  which  ought  to  be  a  right-angle ,  in 
fact  the  calculation  of  a  spherical  triangle  composed  of  the  faces 
M,  6^  and  gf\  of  which  all  the  angles  of  incidence  were  measured, 
gave  for  this  edge  90°  2'  30",  which  differs  from  a  right-angle  by 
only  two  minutes  and  a  half. 

The  following  table  is  made  up  of  the  measurements  of  the 
angles  of  the  diaspore  of  Gumuch-dagh  (near  Ephesus)  by  M. 
Dufrenoy,  of  that  of  St.  Gothard  by  M.  Marignac,  and  of  that  of 
Schemnitz  by  M.  Haidinger ;  also  the  measurement  of  some  angles 
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of  the  hydrated  peroxide  of  iron  of  Cornwall  by  M.  Dufrenoy, 
which  are  here  given  to  show  an  interesting  connection,  first  point- 
ed out  by  M.  dc  Senarmont,  and  which  consists  in  the  isomorphism 
of  diaspore  and  the  hydrated  oxide  of  iron.  Thus,  while  the  per- 
oxide of  iron  or  oligist  iron  is  isomorphnus  with  alumina  or  the 
corundum,  the  hydrates  of  the  same  oxides  are  isomorphous. 


M 
M 
M 

M 

b' 

b' 
b^ 
b' 

K 
f 


M 

b^ 

b'  (posterior  faces) . 

f:::::::::;::::::: 

b' 

b'  (posterior  faces;), 
b'  (opposite  faces)  . 

C3 

g' 


1      . 

i    . 
e^. 


sal 

i  I  a 


130° 


115° 
104°  12' 
151°  iMV 


7  N  fi> 

!  I  p 


o  ^ 


•:  I  a 


129°  64^  180°    2r  130°  67^ 


11G°  38^ 


144°  40^ 
145°  40^ 
12(>°  12^ 
1U5°  6t/ 
117°  4iV 


151°  36' 


125°  17^ 
125°  18^ 
114°  58' 
104° 
151°  35' 
151°  33' 
116°  18' 
167°    G' 


151°  34^ 


.1. 


12^°  2(y 

116°  AA/ 
117' 


IC 


I  have  found  crystals  of  diaspore  in  hydrated  oxide  of  iron, 
the  needles  traversing  the  oxide  in  all  directions.  There  is  a 
specimen  in  my  possession  composed  of  a  small  crystal  of  diaspore, 
surrounded  by  a  kind  of  scabbard  of  crystallized  gothite.  One  of 
the  summits  of  the  crystal  is  exposed.  In  breaking  the  oxide  of 
iron  which  contains  tha««e  crystals  they  become  detached,  leaving 
on  the  oxide  an  impression  with  a  very  brilliant  surface. 

The  diaspore  of  Gumuch-dagh  is  also  found  of  a  lamellar 
structure  but  very  rarely ;  that  of  Naxos,  Nicnria,  and  Saraos  are 
all  lamellar.  Yet  of  all  the  specimens  that  I  have  collected  none 
offer  so  much  interest  as  those  composed  of  dinspore  imbedded  in 
corundum.  Here  we  see  the  two  minerals  passing  one  into  the 
other,  without  being  able  in  many  places  to  distinguish  the  line 
of  separation,  so  imperceptible  is  the  gradation.     After  what  has 

*  The  vulups  of  these  angles  are  just  as  given  by  the  goniometer,  with- 
out any  correction  by  calculation. 
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been  said  in  respect  to  corundum  it  is  not  astonishing  to  see  this 
connection  of  alumina  more  or  less  hydrated  with  a  hydrate  of 
alumina  of  definite  composition. 

After  a  knowledge  of  this  fact  one  might  seek  to  explain  the 
existence  of  water  in  corundum  by  the  intimate  mixture  of  dias- 
pore  with  this  mineral.  If  this  be  the  case,  the  crystal  of  corun- 
dum from  the  Carnatic,  which  gave  me  three  per  cent  of  water, 
must  contain  twenty- three  per  cent  of  diaspore,  although  neither 
the  eye  nor  the  microscope  could  detect  its  presence. 

As  to  the  properties  of  diaspore,  I  have  nothing  to  add  to  what 
has  already  been  published  on  the  subject,  except  that  the  speci- 
mens I  examined  do  not  decrepitate  to  the  same  extent  as  that  of 
Siberia.  Its  specific  gravity  is  3.45,  and  hardness  above  7.  The 
following  analyses  were  made,  the  mineral  being  attacked  with  the 
bisulphate  of  soda.    They  aiford  the  formula  XI  ^. 


LOCALITIBS. 


Gumuch-dagh 0.67i  82.20   0.41  11.20 

Gumuch-dagh  0.82    83.12' trace.  ;0.6fi 

Naxos '0.26'  82.941  0.35  !l.06 


trace.;  14.52 
trace.!  14.28 
I  14.81 


ZINC  SPINEL. 

I  possess  a  single  specimen  of  this  spinel  in  chloritoid  on  a 
piece  of  emery  from  Gumuch-dagh.  It  is  in  octahedral  crystals 
agglomerated,  of  a  dark  emerald-green  color.  The  quantity  being 
small,  I  have  been  prevented  from  making  an  exact  analysis.  The 
quantity  of  oxide  of  zinc  appears  to  be  from  thirty  to  forty  per 
cent. 

PHOLERITE. 

A  mineral  resembling  pholerite  in  composition  has  been  found 
with  the  emery  of  Naxos  associated  with  emerylite.  It  is  white, 
lamellar,  and  somewhat  crystalline,  sometimes  gray.  It  is  soft  to 
the  touch  like  steatite,  infusible  before  the  blow-pipe,  and  when 
heated  with  nitrate  of  cobalt  becomes  strongly  colored  blue.  It 
is  scratched  with  the  nail,  and  has  a  specific  gravity  of  2.564.  Its 
composition. is  identical  with  the  pholerite  of  Guillemin,  also  with 
the  mineral  forming  the  gangue  of  the  diaspore  of  Schemnitz. 
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For  analysis  it  was  decomposed  with  the  carbonate  of  soda.     It 
afforded : 


t 

Silica 

Alumina 

Lime , . . . , 

44.41 

41.20 

1.21 

Pholerite  of 

Guillemln. 

42.98 

42.07 

15.00 

Gangue  of  diaspore 
of  Scheiniiitz— Smith. 

42.46 

42.81 
trace  and  mag.  trace. 

12.92 

Water 

18.14 

This  corresponds  to  the  following  formula,  §i3tl+2fl:;  but  it  is 
a  question  whether  or  not  we  should  consider  the  water  .as  ex- 
isting in  any  definite  proportion,  and  whether  or  not  they  did 
not  all  contain  more  water  when  first  taken  from  their  localities. 
These  hydrated  silicates  of  alumina  are  numerous  and  bear  vari- 
ous names,  but  it  is  doubtful  if  many  of  them  are  entitled  to 
much  consideration  as  distinct  species. 


EPHESITE   (a   new  SPECIES). 

This  silicate  is  found  with  the  emery  of  Gumuch-dagh,  and 
occurs  on  specimens  of  magnetic  oxide  of  iron.  It  is  of  a  pearly- 
white  color,  and  lamellar  in  structure;  cleavage  difiicult.  It 
scratches  glass  easily,  and  has  a  specific  gravity  of  3.15  to  3.20. 
Heated  before  the  blowpipe  it  becomes  milk-white,  but  does  not 
fuse.  At  first  sight  it  might  be  taken  for  white  disthene.  It  is 
decomposed  with  great  difficulty  by  carbonate  of  soda,  even  with 
the  addition  of  a  little  caustic  soda.  I  used  also  very  successfully 
in  the  analysis  the  bisulphate  of  soda,  either  in  attacking  the  min- 
eral from  the  commencement  or  in  operating  first  with  carbonate 
of  soda,  and  then  acting  on  the  part  not  decomposed  with  bisul- 
phate of  soda.  The  alkalies  were  separated  by  means  of  hydro- 
fluoric acid. 

Silica 31.64  80.04 

Alumina 67.89  66.45 

Lime 1.89  2.11  ^ 

Protoxide  of  iron 1.34  1.00  I 

Soda  with  a  little  potash 4.41  J 

Water 3.12  3.06 

This  corresponds  very  nearly  to  the  formula  ft"  gi+XP  si+4]ft 
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Atoms.  At  weight  Percent  Oxygen  ratio. 

Soda 2  781.6  7.08                1 

Silica 6  8400.2  30.7,7                9 

Alumina 10  6416.2  68.08              15 

Watei* 4  460.0  4.07               2 

This  mineral  has  been  designated  ephesite  because  of  its  occur- 
rence at  the  emery  locality  near  the  ancient  city  of  Ephesus. 

EMERYLITE   (A   NEW   SPECEES). 

This  mineral,  which  I  have  designated  by  the  name  of  emery- 
lite,  is  a  new  species  belonging  to  the  ikmily  of  micas.  I  have 
already  published  a  note  indicating  its  existence,*  but  have  re- 
served for  the  present  time  a  complete  description  of  it. 

I  first  discovered  this  mineral  with  the  emery  of  Gumuch-dagh 
in  Asia  Minor,  and  subsequently  in  that  of  Manser,  the  islands  of 
Naxos  and  Nicaria,  and  also  with  the  emery  of  Siberia.  Its  con- 
nection with  all  the  emeries  that  have  come  under  my  observation, 
except  that  of  Kulah,  induced  me  to  call  it  emerylite.  When  I 
announced  this  discovery  to  Prof.  Silliman,  jr.,  he  hastened  to  ex- 
amine the  minerals  coming  from  the  corundum  localities  of  the 
United  States,  and  has  succeeded  in  finding  the  emerylite  with  the 
corundum  of  several  localities.  The  specimen  from  Siberia  upon 
which  I  found  this  mineral  is  in  the  collection  at  the  Garden  of 
Plants  at  Paris,  and  I  have  also  reason  to  think  that  I  have  found 
it  with  the  corundum  of  China. 

The  emerylite  is  lamellar,  like  mica ;  the  plates  are  easily  sep- 
arated, and  possess  a  little  elasticity.  Sometimes  it  is  in  the  form 
of  a  mass  composed  of  very  small  pearly  scales,  which  are  very 
friable,  resembling  some  species  of  talc.  The  plates  are  commonly 
convex  and  concave,  grouped  in  such  a  manner  as  to  form  a  tri- 
angular prism.  I  have  also  found  it  massive,  with  a  micaceous 
structure,  but  with  an  irregular  fracture.  The  aspect  of  this  va- 
riety is  waxy ;  it  comes  from  Gumuch-dagh.  The  crystalline  form 
of  this  mineral  is  difficult  to  determine ;  but  if  we  are  permitted 
to  judge  from  the  streaks  on  the  surface,  and  the  imperfect  cleav- 
age in  two  directions,  it  would  appear  to  belong  to  an  oblique 
rhombic  prism. 

Its  color  is  white  and  luster  silvery.  The  hardness  taken  on  a 
specimen  from  the  island  of  Nicaria  is  from  4  to  4.5.     The  specific 

*  See  Amer.  Jour,  of  Science  and  Art,  2d  ser.,  VII,  p.  286,  1849. 
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gravity  taken  on  ten  specimens  varies  from  2.80  to  3.09.  This 
difference  is  not  remarkable  in  a  lamellated  mineral.  That  which 
gave  me  the  greatest  specific  gravity  contained  some  small  specks 
of  titaniferous  iron  visible  to  the  eye.  Its  optical  properties  have 
not  been  examined,  for  the  want  of  a  transparent  piece  of  sufficient 
size  and  thickness.  This  mineral  is  not  attacked  by  the  acids. 
Heated  before  the  blowpipe,  it  emits  a  bright  light,  and  melts  with 
great  difficulty  on  the  edges,  which  assume  a  blue  color  if  touched 
with  the  nitrate  of  cobalt  and  reheated.  Heated  in  a  tube,  it  fur- 
nishes water  frequently  having  an  acid  reaction  due  to  fluoric  acid. 
The  composition  of  several  specimens  subjected  to  analysis  is 
as  follows: 


Localities. 


Gumuch-daejh 

Island  of  Nicaria  . , 
Island  of  Nicaria  . , 
Island  of  Naxos . . . . 

Island  of  Naxos 

Island  of  Naxos 

Guniach-dagh 

Gu  much-da  gh 

Siberia 


29.66 

30.22 

29.8" 

80.02 

28.90 

30.10 

30.00 

81.93 

28.50 


60.88 
49.67 
48.68 
49.62 
48.63 
60.08 
48.21 
48.80 
&1.02| 


B 


r§ 


1.78 
1.33 
1.63 
1.66 


0.60 
trace,  j 
trace.  | 

0.48 


(\  o7note»ti 
"•^^  mated 


^"  mated. 
2.81 
1.60 


1.603.41'... 

2.815.12  ... 

2.86  4.32.... 

1.265.56  .. 
notesti-  r 
mated.  *^* 


1.78, 


6.08 

4.52 

"       4.61 

2.31  3.62 

notOStl-  e    f\A 

mated.  Q-^^ 


trace. 


The  oxide  of  iron  may  be  regarded  as  an  impurity  which  exists 
between  the  plates  of  the  mineral.  The  composition  of  the  emery- 
lite  is  represented  by 

Atoms.  At.  weight  Per  cent.       Oxygen  ratio. 

Lime 2  700.0  13.48  2 

Silica 3  1700.1  32.74  9 

Alumina 4  2666.5  49.44  12 

Water 2  226.0  4.84  2 

6191.6 
Formula:  B"  Si-f 2*P  Si+2fl:. 

As  is  seen,  the  specimens  examined  came  from  four  distinct  local- 
ities, and  were  all  taken  under  different  circumstances ;  yet  their 
analyses  accord  perfectly,  and  also  agree  with  those  of  the  United 
States  coming  from  Village  Green  and  Unionville,  Pennsylvania, 
and  Buncombe  County,  North  Carolina. 
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Localities. 


Vlllnge  Green.... 

Village  Green 

Village  Green 

Village  Green 

Unlonville 

Unjonville 

Buncombe  County 


> 
c 
3 

B 
9 

1 

II 

f 
^ 

P 

S 

:   ft- 

i 

32.31 

49.24 

10.68".30 

2.21 

6.27 

31.06 

51.  eo 

9.24  0.28 

2.97 

5.27 

31.2fi 

ftl.fiO    10.15  0.50 

1.22 

4.27 

30.18 

51.40 

10.87  0.02 

2.77 

4.52 

29.99 

50.57 

11.31  0.72 

2.47 

5.14 

32.15 

M.28 

11.36  0.05 

not  esti- 
mated. 

0.50 

29.17 

48.40 

9.87'l.24 

6.15 

8.99 

—100 
-100 
—100 
-100.46 
—100.10 

)  Pe  i7'ace. 

)  HP  2.03— 100.80, Silliman,  Jr. 


I  Craw. 
Craw. 
I  Craw. 
'Craw. 

Hartsliorne. 


My  analyses  were  made  in  the  ordinary  way,  only  with  more 
carbonate  of  soda  than  is  usually  employed.  The  alkalies  were 
separated  either  by  means  of  hydrofluoric  acid  or  by  carbonate  of 
lime,  which  is  preferable  to  the  carbonate  of  baryta  for  the  decom- 
position of  the  silicates. 

It  is  seen  that  potash  and  soda  are  present  in  small  quantities 
in  all  the  specimens.  The  composition  of  this  mineral  is  remark- 
able for  the  large  proportion  of  alumina  present;  but  when  we 
look  at  its  origin  it  is  not  astonishing  to  find  a  silicate  of  alumina 
with  a  small  amount  of  silex. 

I  regard  emerylite  as  a  mineral  of  elimination  from  emery,  the 
result  of  an  effort  by  which  the  corundum  in  its  formation  purifies 
itself.  It  is  not  remarkable  that  from  the  mass  in  which  the  cor- 
undum crystallizes  the  silica,  finding  itself  in  presence  with  an 
excess  of  bases,  combines  with  as  large  a  quantity  as  its  affinity 
admits  of.  In  speaking  of  the  formation  of  emery  I  have  already 
alluded  to  a  nodule  in  my  possession  that  exemplifies  this  in  a  very 
exact  manner. 

Notwithstanding  the  recent  discovery  of  emerylite,  there  is  no 
other  species  of  mica  that  can  be  considered  so  well  established  as 
this  mineral  or  so  constant  in  its  composition.  Up  to  the  present 
time  this  mineral  has  not  been  found  except  with  emery  or  corun- 
dum, which  frequently  contain  it  in  the  interior  of  the  mass  as 
well  as  on  the  surface'.  Some  emeries  contain  it  in  such  quantity 
that  it  has  the  aspect  of  gneiss,  as  I  have  already  said  with  refer 
ence  to  certain  specimens  from  Nicaria. 

The  most  beautiful  specimens  of  emerylite  come  from  Naxos, 
and  as  the  blocks  of  emery  from  this  island  frequently  contain  it 
there  will  be  no  difficulty  in  procuring  specimens  for  cabinets.  It 
is  often  mixed  with  diaspore. 
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MICA     (MUSCOVITE?). 

This  mica  is  found  on  all  the  emeries  which  I  have  examined, 
but  especially  on  that  coming  from  Kulah.  It  is  always  in  small 
plates  on  the  surface  of  the  emery.  The  analyses  of  four  speci- 
mens are  as  follows: 


LOCALITIKB. 

1 

B 

: 

f 

5*3.0 

f 

:  W 
:    ? 

Gumuch-dagh  . . . 
Kulah 

42.80 
43.62 
42.71 
42.60 

40.61 
38.10 
87.52 
87.45 

3.01 
0.52 
1.41 
0.68 

1.30 
3.50 
2.32 
1.70 

trace. 

0.25 

trace. 

trace. 

notestl- 
mated. 

7.83 

notestl- 
mated. 

9.76 

5.62'  trace. 
5.51    trace. 

Kulah 

5 .  95     trftnp 

Island  of  Nicaria. 

5.20 

trace. 

The  composition  is  very  nearly  that  of  the  muscovite  or  Mus- 
covy glass,  and  until  further  examination  I  shall  retain  it  under 
that  species,  as  particular  care  should  be  exercised  in  making  new 
species  among  the  micas. 

CHLORITOID   (a  NEW   VARIETY  OF  THIS  MINERAL). 

It  is  found  with  the  emery  of  Gumuch-dagh  in  considerable 
abundance.  Its  structure  is  lamellar,  cleaving  without  much  diffi- 
culty, and  the  surfaces  exposed  are  always  very  brilliant.  In  thin 
fragments  it  transmits  the  light  and  appears  of  a  dark-green  color. 
The  powder  is  greenish-gray.  Its  hardness  is  6  and  specific  grav- 
ity 3.52.  Heated  in  the  flame  of  a  blowpipe,  it  loses  water  and 
becomes  brown  from  the  absorption  of  oxygen,  but  does  not  melt. 
When  heated  without  being  in  contact  with  the  air,  it  loses  its  brill- 
iancy and  acquires  the  aspect  of  scales  from  the  blacksmith's  forge. 

This  mineral  is  attacked  by  the  strong  acids,  but  is  only  com- 
pletely decomposed  by  sulphuric  acid.  Melted  with  four  or  five 
times  its  weight  of  carbonate  of  soda,  it  is  rendered  easily  soluble 
in  hydrochloric  acid.  Great  precaution  was  taken  to  see  that  noth- 
ing but  perfectly  pure  chloritoid  was  submitted  to  analysis,  and 
the  possession  of  well-crystallized  specimens  enabled  me  to  do  this 
without  much  difficulty. 

The  method  of  analysis  was  to  break  the  mineral  in  small  frag- 
ments, to  place  it  in  a  small  platinum  crucible,  which  was  intro- 
duced into  an  earthen   crucible  and   surrounded  by  pulverized 
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quartz :  in  one  word,  I  pursued  the  same  method  as  that  for  esti- 
mating the  water  in  emery.  For  the  other  ingredients  a  new  por- 
tion was  taken,  pulverized  finely,  and  attacked  either  by  concen- 
trated sulphuric  acid  or  melted  with  carbonate  of  soda,  and  after- 
ward dissolved  in  hydrochloric  acid  with  the  addition  of  a  little 
nitric  acid  evaporated  to  dryness  and  treated  with  dilute  hydro- 
chloric acid.  The  liquid  separated  from  the  silica  is  treated  with 
an  excess  of  caustic  soda,  the  filtered  liquid  is  neutralized  by  hydro- 
chloric acid  and  the  alumina  precipitated  by  carbonate  of  ammonia. 
The  contents  of  the  filter,  which  are  essentially  peroxide  of 
iron,  are  placed  in  a  capsule,  dissolved  by  hydrochloric  acid,  heated 
and  precipitated  by  ammonia,  and  thrown  on  a  filter.  From  the 
filtered  solution  the  lime  and  magnesia  are  separated  in  the  ordi- 
nary way.  The  peroxide  of  iron  remaining  upon  the  filter,  after 
being  well  washed  and  dried,  is  weighed  and  decomposed  in  a  cur- 
rent of  hydrogen  gas.  To  the  oxide  thus  reduced  nitric  acid  di- 
luted with  thirty  times  its  weight  of  water  is  added,  and  digested 
at  100°  to  120°  C.  for  about  an  hour,  stirring  frequently,  when,  if 
the  iron  has  been  thoroughly  reduced,  it  will  be  taken  up  by  the 
acid,  and  a  little  alumina  left,  which  is  weighed  and  added  to  the 
first  portion.  Ordinarily  I  never  have  found  more  than  from  one 
to  two  per  cent  of  alumina  with  the  oxide  of  iron.  Care  must  be 
taken  to  decompose  the  iron  completely,  as  otherwise  the  iron  will 
not  be  entirely  taken  up  by  the  acid.  The  mineral  thus  analyzed 
afiforded  as  follows ; 


Decomposed  by  1 
sulphuric  acid  / 

Decomposed  by ) 
carb.  soda. . . .  / 

Decomposed  by  \^ 
carb.  soda....  | 


GO 


24.10 
28.94 
23.20 


c 
0 
a 


"o        S- 


:    ©M 

\U1L 


i' 


39.80'27.66|6.60l"j2atld: 


89.62 
40.21 


28.067.08 

•    I 
27. 2516.97 


0.46 
0.88 


notestl- 
mated. 

0.80 
0.96 


CLff 

:   9 


notesti- 
muted. 


trace, 
trace. 


i    ? 


notesti- 
mated. 

0.62 

not  esti- 
mated. 


0.80 


These  analyses  correspond  to  the  following  composition: 


Atoms. 

Silica 2 

Alumina 8 

Protoxide  of  iron 3 

Water 3 


At.  weight 

Per  cent. 

1138.40 

28.87 

1926.88 

40.67 

1360.00 

28.44 

837.60 

7.12 

The  most  probable  formula  is  3tl3-f-Si+f'e3  §i+8^. 
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The  minerals  which  are  brought  under  this  species  are  the 
•chloritspath  or  chloritoid  of  the  Ural,  the  Sismondine  of  St.  Mar- 
cel, and  the  Masonite  of  Khode  Island;  their  analyses  and  formu- 
las are  as  follows : 


Silicia 27.48 

Alumina 36.37 

27.051 
4.29  J 
6.95 


Protoxide  of  iron 
Magnesia 
Water  . . . 


II. 


24.40 
45.17 

30.29 


III. 


24.1 
44^ 

23.8 

7.6 


IV. 


9  28.27 
16  32.16 

4  33.72 

5'    6.00 


V. 


loi 

IS 
I- 


25.18 
33.61 

35.31 

5.88 


VI. 


5    23.91 
39.52 


28.05 
7.08 


I.  Chlorite  spar  or  Chloritoid  of  the  Ural  by  Bonsdorff.     (^e  ltfg)3Si4- 
*P  Si-f  3S. 
II.  Chlorite  spar  of  the  Ural,  Erdmann.    te^  ^1-f  23tl  Si. 

III.  Sismondine  of  St.  Marcel,  Delesse.    te*  Si3-(-53tl  ti. 

IV.  Masonite  of  Ehode  Island,  Whitney,     fe^  Si-f  XP  Si-f-2lt. 

V.  Chlorite  spar  according  to  Raramelsberg  requires  3&3  5i+23t'P  Si+6l3[. 
VI.  Chrilotoid  of  Asia  Minor,  J.  L.  Smith.    XP  Si-fteS  Si+3^. 

This  mineral  is  found  very  abundantly  with  the  emery  of  Gu- 
much-dagh ;  it  covers  the  surface  of  the  blocks,  and  sometimes 
enters  largely  into  the  substance  of  the  emery.  It  is  easy  to  see 
from  the  composition  of  this  mineral  that  it  is  formed  by  elimina- 
tion from  the  mass  of  emery  at  the  time  of  its  consolidation,  which 
by  this  means  tends  to  purify  itself  The  nodule  of  which  I  have 
already  spoken  under  the  head  of  emery  and  of  emerylite  goes  to 
sustain  this  view  of  the  question. 

On  the  emery  of  the  other  localities  I  have  not  found  this 
<jhloritoid.  Its  composition  is  not  in  perfect  accordance  with  the 
known  varieties  of  chlorotoid,  and  differs  from  Sismondine  (which 
it  approaches  most  in  composition)  by  its  imperfect  solubility  in 
hydrochloric  acid. 

BLACK  TOURMALINE. 

This  mineral  is  found  abundantly  with  the  emery  of  Naxos, 
and  also  in  small  quantities  with  that  of  other  localities.  It  ap- 
pears to  have  replaced  the  chloritoid  that  is  found  so  abundantly 
with  the  emery  of  Gurauch-dagh. 

The  crystals  are  found  agglomerated  on  the  surface,  and  also 
disseminated  in  the  interior  of  the  emery.     This  mineral,  like  the 
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last,  is  strongly  basic,  containing  a  little  more  than  thirty  per  cent 
of  silica. 

CHLORITE. 

With  the  emery  of  Gumuch-dagh  we  find  a  chlorite.  It  is  in 
compact  masses,  composed  of  an  agglomeration  of  small  crystalline 
plates,  and  contains  octahedral  crystals  of  magnetic  oxide  of  iron. 
Analysis  gives  as  its  composition: 

Silica 27.20 

Alumina 1 8.62 

Protoxide  of  iron 23.21 

Magnesia 17.64 

Water 10.61 

It  is  identical  with  the  chlorite  of  Mont  des  sept-Lacs^  which 
gave  M.  Marignac 

Silica 27.14 

Alumina 19.19 

Protoxide  of  iron 24.76 

Magnesia 16.78 

Water 11.50 

It  is  the  same  as  the  chlorite  of  St.  Christophe  and  the  ripid- 
olite  of  Sauris  and  of  St.  Gothard.  The  formula  given  by  von 
Kobell  is  2Mg  Al+3  (Mg  Fe)'  Si+6H. 

MAGNETIC   OXroE  OF  IRON. 

This  is  found  with  the  emery  of  every  locality.  It  enters  into 
the  composition  of  the  emery  itself,  and  is  also  found  on  the  sur- 
face in  regular  octahedral  crystals.  We  find  it  frequently  massive 
and  of  strong  polarity.  That  of  Gumuch-dagh  contains  a  trace 
of  titanic  acid. 

OLIGIST  IRON. 

It  is  associated  with  all  the  emeries,  and  sometimes  enters  into 
their  composition.  It  is  also  found  in  detached  masses,  either 
amorphous  or  as  crystallized  specular  iron. 

HYDRATED   OXIDE  OF  IRON. 

This  oxide  of  iron  is  not  infrequently  found  with  emery,  cov- 
ering the  surfiwe.  It  is  found  with  pyrites,  having  resulted  from 
the  decomposition  of  this  mineral. 
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IRON  PYRITES. 


Pyrites  Ls  found  principally  with  the  emery  of  Gumuch  and 
Nicaria.  At  the  latter  locality  it  is  in  small  crystals  in  the  inte- 
rior of  the  mass.  At  Gumuch  it  is  principally  on  the  surface,  but 
much  less  abundant  than  at  Nicaria. 


RUTILE. 


This  oxide  of  titanium  is  found  with  the  emery  of  Gumuch- 
dagh  and  of  Kulah,  where  I  obtained  some  large  detached  crys- 
tals. I  have  also  a  specimen  with  it  in  small  crystals  on  diaspore 
attached  to  emery  from  Gumuch-dagh. 


ILMENITE. 

It  has  been  found  on  the  gangue  of  the  emery  of  Kujah  in 
minute  crystals  of  the  usual  form  of  this  mineral. 

TITANIFEROUS  IRON. 

Titaniferous  iron  is  found  with  almost  all  the  varieties  of  emery 
that  I  have  examined,  but  I  have  analyzed  none  but  that  associ- 
ated with  the  emery  of  Nicaria.  Care  being  first  taken  to  see 
that  it  was  anhydrous,  one  gramme  of  it  was  calcined  in  a  current 
of  oxygen,  and  it  augmented  .019,  which  indicated  the  presence  of 
.171  gramme  of  protoxide  of  iron,  and  corresponds  to  .190  gramme 
of  peroxide  of  iron;  the  same  portion  was  then  decomposed  by  a 
current  of  hydrogen  gas,  and  the  loss  sustained  was  equal  to  .222 
gramme  of  oxygen,  which  corresponds  to  .740  gramme  of  peroxide 
of  iron;  deducting  from  this  the  quantity  of  peroxide  equal  to  the 
protoxide  (.171)  contained  in  the  mineral,  we  have  .550  gramme 
for  the  quantity  of  peroxide  present.  The  mass  reduced  by  hydro- 
gen was  treated  with  hydrochloric  acid,  and  the  part  not  dissolved 
(.230  gramme)  was  titanic  acid  with  a  little  alumina.  The  acid 
solution  contained  .010  lime  and  a  trace  of  alumina.  The  titanic 
acid  was  examined  as  to  its  purity,  and  was  found  to  contain  no 
silica  and  only  a  trace  of  alumina.    The  result  of  the  analysis  is 

Protoxide  of  iron 17.10 

Peroxide  of  iron 65.00 

Titanic  acid 28.01 

Lime 1.00 

Alumina a  little,  not  estimated. 
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This  titaniferous  iron  corresponds  in  composition  to  the  Wash- 
ingtonite  of  Prof.  Shepard  analyzed  by  M.  Marignac,  and  to  the 
titoniferous  iron  of  Arendal  analyzed  by  M.  Mosander.  Its  spe- 
cific gravity  is  4.78. 

There  are  still  two  or  three  minerals  that  I  have  found  asso- 
ciated with  emery,  but  their  specific  characters  have  not  been  well 
established  on  account  of  the  difficulty  of  obtaining  enough  in  a 
state  of  sufficient  purity  for  analysis. 

The  study  of  these  accidental  minerals  in  contact  with  emery 
has  led  to  several  general  conclusions  which  have  been  mentioned 
under  the  description  of  the  different  species ;  and  now  I  risk  little 
in  saying  that  the  hydrates  of  alumina,  as  diaspore — as  well  as  the 
silicates,  as  emerylite,  chloritoid,  and  tourmaline — and  the  minerals 
^f  iron,  as  magnetic,  titaniferous  iron,  etc.,  will  be  found  almost 
every  where  with  the  emery  and  corundum. 

My  labors  on  this  subject  are  thus  terminated,  and  it  is  to  be 
hoped  that  the  examination  of  the  emery  of  Asia  Minor  has  served 
to  elucidate  the  geology  and  mineralogy  of  this  substance,  until 
now  but  little  known  except  in  its  uses. 
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RAPPORT 

Sur  un  Memoire  de  M.  Laurence  Smith,  ayant  pour  objet  V  etude  du  gise^ 
nient  de  T  cmeri  de  VAsie  M'uieure,  ei  des  mineraux  qui  y  soni  associea. 

Commissaires,  MM.  Cordier,  'khiE  de  Beaumont,  Dufrbnoy  rapporteur. 

CONCLUSIONS. 

**  II  r^sulte  de  Y  expos6  sommaire  que  nous  venons  de  donner 
du  travail  de  M.  Smith,  que  ce  g^ologue  a  fait  connaitre : 

**1°.  La  nature  precise  du  gisement  de  F  6raeri  dans  TAsie 
Mineure  et  dans  TArchipel  Grec. 

**  2°.  Qu'il  a  dtoit  la  mani^re  d'etre  et.les  propri^t^s  des  min- 
eraux qui  lui  sont  associ6s,  notamment  du  diaspore  et  de  r^raerilite; 
ce  dernier  mineral  forme,  par  V  identity  de  sa  composition  dans  les 
divers  glsements  ou  V  auteur  V  a  6tudi^,  un  mica  constituant  une 
esp^ce  nouvelle  et  bien  d^terminde. 

**3°.  Enfin,  qu'il  a  donii6  un  moyen  pour  determiner  les  qual- 
itds  de  r  6meri,  ainsi  que  leur  valeur  commerciale ;  ce  proc4d6, 
dmiuement  pratique,  offre  en  outre  de  V  intdr^t  sous  le  point  de  vue 
scientifique,  en  ce  qu'il  permet  d*  apprdcier  la  diiTSrence  de  tdnacitd 
de  mineraux  de  duret6  6gale. 

**Ces  recherches  de  geologic,  de  mindralogie  et  de  chimie  ana- 
lytique  constituent  par  leur  ensemble,  ainsi  que  par  les  iaits  nouve- 
aux  qu'elles  fournissent  a  la  science,  un  travail  du  plus  hautintdr^t. 
Vos  Commissaires  vous  proposent,  en  consequence,  de  remercier  M. 
Smith  de  la  communication  qu'il  en  a  faite  a  TAcaddmie,  et,  vu  V 
imp)rtance  de  ce  travail,  d'en  ordonner  T  insertion  dans  le  Becueil 
des  Mcmoires  des  Savants  ctraiujers." 

Les  conclusions  de  ce  Rapport  out  6i6  adoptees. 

For  the  Report  in  full  see  Comptes  rendus  des  seances  de  FAcade- 
mie  des  Sciences,  October  28,  1850. 
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HAMPDEN   COUNTY,  MASS., 
WITH  REMARKS  ON  THE  NATURE  OF  EMERY  AND  ITS  ASSOCIATE  MINERAI^. 


Amer.  Jour,  Science,  xlii,  1866,  pp.  83-93. 

Considerable  interest  is  attached  to  the  recent  developments 
of  an  extensive  deposit  of  emery  in  Chester,  Hampden  County, 
Mass. ,  by  Prof.  C.  T.  Jackson ;  and  my  name  has  been  associated 
in  various  ways  with  it,  without  my  having  had  any  thing  directly 
to  do  with  it.  Sundry  communications  have  also  been  received 
by  me  from  various  parties.  These  communications  are  best 
answered  by  the  facts  embraced  in  this  article,  some  portion  of 
which  it  has  always  been  my  intention  to  publish,  without  refer- 
ence to  the  special  interest  of  any  one  in  the  matter. 

Prior  to  1846  emery  was  simply  known  as  a  mineral  coming 
to  us  from  a  few  remote  localities,  and  was  used  in  the  arts  with- 
out our  having  any  knowledge  of  its  true  geological  position  or 
its  mineralogical  relations.  About  that  period  circumstances  fav- 
ored my  commencing  those  geological  and  mineralogical  discov- 
eries in  relation  to  emery  that  were  afterward  embodied  in  two 
papers  presented  to  the  Academy  of  Sciences  of  Paris  in  1850, 
in  which  the  subject  was  thoroughly  discussed,  and  I  might  say 
almost  exhausted.  The  light  in  which  those  discoveries  were  con- 
sidered will  be  seen  by  the  conclusions  of  the  report  of  the  com- 
mittee of  the  Academy,  consisting  of  Messrs.  Dufrenoy,  Elie  de 
Beaumont,  and  Cordier,  viz: 

**It  results  from  the  review  just  given  of  the  labors  of  Dr. 
Smith,  that  he  has  made  known :  1.  The  precise  nature  of  the 
geology  of  emery  in  Asia  Minor  and  the  Grecian  Archipelago. 
2.  That  he  has  described  the  properties  of  the  principal  minerals 
associated  with  it,  and  the  manner  in  which  they  occur,  espe- 
cially diaspore  and  emerylite ;  this  last  mineral  forms,  by  the  iden- 
tity of  its  composition  in  the  different  formations  that  the  author 
had  occasion  to  study,  a  mica   constituting  a  new  species,  and 


Digitized  by 


Google 


112  EMERT  MINE  OF  CHESTER. 

one  well  determined.  3.  Finally,  that  he  has  given  a  means 
for  determining  the  qualities  of  emery,  and  consequently  their 
<;ommercial  value.  This  process,  eminently  practical,  offers  be- 
sides an  interest  in  a  scientific  point  of  view,  inasmuch  as  it 
permits  of  determining  the  difference  in  the  tenacity  of  minerals 
of  equal  hardness.  These  researches  of  geology,  mineralogy,  and 
of  analytical  chemistry  constitute  a  work  of  the  highest  interest, 
both  as  a  whole  as  well  as  from  the  new  facts  they  promise  to 
science.  Your  committee  consequently  propose  to  thank  Dr. 
Smith  for  having  communicated  them  to  the  Academy,  and,  in 
consideration  of  the  importance  of  the  work,  to  order  the  inser- 
tion of  his  paper  in  the  ReceuU  des  Memoirea  des  Savants  Hrangers" 

At  that  time  I  had  discovered  six  new  localities  of  emery  in 
Asia  Minor  and  the  Grecian  Archipelago.  Those  localities  were 
far  removed  from  each  other,  and  furnished  so  many  different 
places  for  the  study  of  emery  and  its  associate  minerals  in  addi- 
tion to  the  old  locality  of  Naxos,  and  consequently  many  points 
of  general  interest  were  brought  out,  besides  others  connected 
with  the  line  of  study.  Those  who  may  feel  interested  in  the 
subject  will  find  the  investigation  and  results  there  arrived  at 
in  the  American  Journal  of  Science  and  Arts,  Vols.  X.  and 
XI.,  1850  and  1851 ;  they  embrace  the  geology,  mineralogy, 
chemical  composition,  manner  of  mining,  commercial  considera- 
tions, associate  minerals,  etc. 

The  study  of  the  associate  minerals  I  considered  of  great  im- 
portance, as  they  would  be  guides  in  future  explorations  in  other 
parts  of  the  world;  and  even  prior  to  completing  the  researches 
on  the  subject  I  wrote  to  Professor  Silliman  and  asked  him  to 
examine  the  American  corundum  localities  for  these  minerals, 
one  of  them  in  particular,  which  he  immediately  did.  With  the 
corundum  from  the  locality  in  Chester  County,  Pennsylvania, 
and  Buncombe  County,  North  Carolina,  he  **soon  found  the  min- 
eral indicated,"  and  communicated  the  same  to  the  American 
Journal  of  Science  and  Arts,  November,  1849,  pp.  379  and  383. 

Nothing  further  came  to  my  notice  in  relation  to  emery  until 
I  received  from  Prof.  C.  T.  Jackson  a  letter  dated  October  9, 
1864,  containing  what  follows:  **You  discovered  emerylite  or 
margarite  in  Asia  Minor  as  an  associate  mineral  with  emery.  On 
the  22d  of  October  last,  1863,  I  discovered,  while  surveying  an 
iron-mine  in  Chester,  Mass.,  some  beautiful  veins  of  the  mar- 
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garite,  from  half  an  inch  to  two  inches  wide,  and  of  a  fine,  deli- 
cate rose  color,  or  light-pink.  The  nature  of  this  mineral  I  did 
not  discover  until  my  return  to  Boston,  but  at  first  supposed  it  waB 
lepidolite ;  on  analysis  it  proved  to  be  margarite,  and  from  that  I 
ventured  to  predict  the  occurrence  of  emery ;  but  no  attention  was 
paid  to  this  prediction  by  the  owners  of  the  mine,  who  were  more 
intent  on  the  iron  ore.  A  few  weeks  since  I  saw  Dr.  Lucas,  one 
of  the  owners,  resident  in  Chester,  and  called  him  into  my  office, 
and  explained  to  him  the  great  value  of  emery,  and  told  him  how 
to  detect  it,  and  he  promised  to  make  the  search  I  required,  and 
took  exact  directions  from  me.  The  next  day  after  his  return  to 
Chester  he  found  the  emery,  a  big  vein  nearly  six  feet  wide,  which 
had  been  mistaken  by  him  for  iron-ore,  it  being  very  magnetic.  I 
write  you  this  to  show  you  the  importance  of  your  discovery  of  the 
emerylite  or  margarite  (for  this  appears  to  be  identical)  as  an  asso- 
ciate of  emery,  and  also  as  an  interesting  case  of  deduction  from 
scientific  memoirs." 

Accompanying  the  letter  he  sent  me  a  paper  giving  me  a  sum- 
mary of  a  communication  he  had  made  to  the  Boston  Society  of 
Natural  History  on  the  subject,  concluding  by  remarking  that 
**had  not  the  occurrence  of  emerylite  and  chloritoid  calJed  his 
attention  to  the  probable  existence  of  emery  at  this  locality,  it 
would  have  been  overlooked  to  this  day,  and  no  one  knows  how 
much  longer.  The  fact  was  mentioned  as  an  example  of  the  real 
uses  of  supposed  useless  minerals ;  and  the  Doctor  took  occasion  to 
express  his  obligations  to  Dr.  Smith,  of  Louisville,  for  his  valuable 
contributions  to  our  knowledge  of  the  associate  emery  minerals  of 
the  Grecian  Archipelago  and  Asia  Minor." 

These  statements  are  sufficient  to  show  how  far  my  geological 
observations  served  as  a  guide  to  Prof.  C.  T.  Jackson  in  his  deduc- 
tions with  reference  to  the  existence  of  emery  in  Chester,  and  with 
what  diligence  Dr.  H.  8.  Lucas  foUow^ed  up  the  latter's  directions, 
resulting  in  the  valuable  development  of  emery. 

I  have  since  visited  the  locality,  having  done  so  in  the  month 
of  March  last.  The  geological  character  and  position  of  the  rocks 
was  not  as  well  made  out  by  me  as  might  have  been  done  in  a 
more  favorable  season;  but  as  my  observations  accord,  as  far  as 
they  go,  with  those  of  Dr.  Jackson  and  Prof  Shepard,  I  prefer  in- 
serting their  observations,  rather  than  my  own,  in  describing  the 
geology  of  the  emery  locality. 

8 
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''  The  mine  is  situated  nearly  in  the  center  of  the  Green  Moun- 
tain chain  as  it  traverses  the  western  border  of  the  State,  at  a  point 
not  far  from  half  way  between  the  Connecticut  and  Hudson  rivers. 
It  is  included  in  the  metamorphic  series  of  rocks,  here  consisting 
of  vast  breadths  of  gneiss  and  mica-slate,  with  considerable  inter- 
polations of  talcose  slate  and  serpentine.  The  general  direction  of 
the  stratification  is  N.  20°  E.  and  S.  20°  W.,  the  relation  to  the 
horizon  varying  from  vertical  to  a  dip  of  from  76°  to  80°,  some- 
times east,  sometimes  west. 

''The  immediate  vicinity  of  the  mine  presents  a  succession  of 
lengthened  rocky  swells  with  rather  precipitous  sides,  having  sum- 
mits between  seven  hundred  and  fifty  and  one  thousand  feet  above 
the  level  of  the  principal  streams  by  which  the  hills  are  traversed. 
The  longer  axis  of  the  elevations  generally  coincides  with  the 
directions  of  the  strata. 

"  The  emery  vein  traverses  in  an  unbroken  line  the  crests  of 
two  of  these  adjoining  mountains,  and  scarcely  deviates  as  a  wl\ole 
irom  the  magnetic  meridian.  Each  mountain  is  estimated  to  have 
a  length  of  two  miles,  thus  giving  four  miles  extent  to  the  metal- 
liferous stratum,  for  such  it  may  be  truly  called,  consisting  as  it 
does  so  largely  of  the  metals  iron  and  aluminum.  The  Westfield 
River,  here  a  small  stream  about  four  rods  in  width,  flows  directly 
across  the  northern  end  of  the  vein,  dividing  it  into  two  equal 
proportions.  The  height  of  each  mountain  is  estimated  at  seven 
hundred  and  fifty  feet. 

**The  emery  vein,  whose  average  width  may  be  taken  at  four 
feet,  is  situated  at  the  junction  of  the  great  gneiss  formation  con- 
stituting the  western  flank  of  the  mountains,  with  the  mica-slate 
forming  the  eastern  slope.  To  speak  more  exactly,  however,  it 
lies  just  within  the  gneiss,  having  throughout  a  layer  of  this  rock 
of  from  four  to  ten  feet  in  thickness  for  its  eastern  wall.  Nor  does 
the  mica-slate  advance  quite  up  to  this  outside  layer  of  the  gneiss ; 
but  in  place  thereof  an  extensive  intrusion  of  talcose  slate  occurs, 
having  an  average  thickness  of  twenty  feet  oti  the  south  mountain 
and  widening  out  at  the  north  mountain  to  a  breadth  of  nearly  two 
hundred  feet  as  it  reaches  the  terminus  of  the  vein  in  the  bed  of 
the  Westfield  River. 

"The  gneiss,  more  especially  in  the  vicinity  of  the  vein,  is  a 
very  peculiar  rock.  It  abounds  in  thick  seams  of  a  coarse-grained, 
very  black  and  shining  hornblende,  and  where  this  is  not  found  it 
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is  much  veined  and  penetrated  by  epidote.  The  stratification  is 
much  contorted  also;  and  when  the  surface  of  the  formation 
happens  to  be  weathered  or  water-worn  its  basseting  edges  strik- 
ingly resemble  in  color  some  of  the  serpentine  marbles.  It  is  also 
noticeable  that  in  it  quartz  is  every  where  singularly  deficient. 
Traces  of  a  white  calcareous  spar  (calcite)  are  now  and  then  visible 
upon  the  joints  of  the  gneiss,  with  occasional  specks  of  yellow  cop- 
per together  with  malachite  stains ;  but  no  corundum,  emery,  or 
magnetite  particles  have  thus  far  been  detected  as  constituents 
of  the  gneiss.  It  is  quite  otherwise,  however,  with  the  talcy  rock 
exterior  to  the  wall  of  gneiss ;  for  that  formation,  in  all  its  differ- 
ent varieties  of  talcose  slate,  soapstone,  chloritic  aggregates  (with 
included  seam  of  indianite),  talcy  dolomite,  etc.,  which  together 
constitute  the  stratum  separating  the  gneiss  from  the  mica- slate, 
contains  here  and  there  disseminated  grains  of  either  emery,  corun- 
dum, or  magnetite;  but,  like  the  gneiss  again,  are  strikingly  free 
from  quartz  or  uncombined  silica  in  any  of  its  forms.  Indeed, 
this  generally  abundanj^  substance  is  altogether  wanting,  not  only 
in  the  emery  vein  but  in  the  talcose  formations  constituting  its 
eastern  boundary. 

**  It  makes  its  appearance,  however,  in  abundance  in  the  mica- 
slate  as  soon  as  the  talcose  rocks  are  passed — showing  itself  not 
only  as  the  usual  constituent  of  the  slate,  but  in  more  or  less  con- 
tinuous seams  from  a  few  inches  thick  up  to  above  six  inches  and 
sometimes  a  foot  in  width.  Where  the  seams  are  thin  and  discon- 
tinuous the  included  masses  thin  out  at  each  end  before  disappear- 
ing, the  sharp  edges  being  curved  in  opposite  directions  so  as  to 
form  frequent  white  patches  upon  the  surface  of  the  rocks  in  the 
shape  of  the  letter  S." 

MIKERALOGICAL    CHARACTER   AND    COMPOSITION    OF   THE    CHESTER 

EMERY. 

It  resembles  more  nearly  that  from  Gumuch-dagh  (near  Ephe- 
sus)  than  any  other  that  I  know  of.  It  is  of  a  fine  grain,  and  dark 
blue  bordering  on  black,  not  unlike  certain  varieties  of  magnetic 
iron  ore ;  with  it  there  are  frequently  found  pieces  of  corundum  of 
some  size.  The  interior  of  the  mass  is  free  from  micaceous  specks, 
such  as  are  found  in  the  emery  of  Naxos.  Its  powder  examined 
under  the  microscope  shows  the  distinct  existence  of  more  than 
one  mineral,  which  are  often  so  inseparably  connected  that  the 
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smallest  fragments  contain  them  together.  The  two  predominat- 
ing are  eorundum  and  irujbgneiui  oxide  of  iron. 

Several  specimens  were  submitted  to  chemical  examination, 
from  those  most  largely  impregnated  with  magnetic  oxide  of  iron 
to  those  that  appeared  to  contain  the  least.  They  all  consisted 
essentially  of  alumina  and  oxide  of  iron ;  but  I  invariably  found 
a  little  titanic  acid  and  silica,  and  most  commonly  a  minute  quan- 
tity of  magnesia.  No.  1  was  an  inferior  specimen ;  No.  2,  the 
better  quality  of  rock;  No.  3,  the  emery  rock  crushed  and  pre- 
pared for  market  in  the  form  of  emery;  No.  4,  the  same,  and 
called  emery  crystals. 

1.  2.                8.                 4.               ' 

Alumina 44.01  50.02  51 .92  74.22 

Magnetic  oxide  of  iron    50.21  44.11  42.25  19.81 

Silica 8.13  3.25          5.46  5.48 

I  examined  a  specimen  of  No.  2:  grain  fine,  and  treated 
repeatedly  with  hydrochloric  acid  and  water  over  a  water- bath ; 
a  great  deal  of  oxide  of  iron  and  a  little  alumina  were  dissolved ; 
the  residue  on  analysis  proved  to  be  nearly  pure  corundum,  giving 

Alumina 84.02 

Magnetic  oxide  of  iron 9.63 

Silica* 4.81 

All  the  chemical  and  physical  examinations  made  go  to  show 
that  the  emery  of  Chester  is,  like  all  other  emeries,  a  mixture  of 
corundum  and  oxide  of  iron — a  fact  that  will  be  reverted  to  again 
a  little  further  on. 

Prof.  Jackson  analyzed  two  specimens  after  digesting  them  with 
nitro-muriatic  acid,  and  has  given  as  the  composition : 

1.  2. 

Alumina 60.40        89.05 

Protoxide  of  iron 89.60        40.95 

and  then  goes  on  to  state,  "from  which  It  would  appear  that  pro- 
toxide of  iron  is  an  essential  chemical  ingredient  in  emery,  and 
not  an  accidental  admixture.f  Dr.  J.  Lawrence  Smith's  experi- 
ments lead  to  the  same  result,  but  he  considers  the  oxide  of  iron  to 
be  an  irregular  mixture  with  the  alumina  and  not  a  regular  chem- 

*No  attempt  was  made  to  estimate  the  water. 

t An  examination  of  my  analyses  in  1850,  which  it  is  supposed  are  the 
ones  referred  to  here,  most  certainly  do  not  sustain  the  conclusion.- — J.  L.  S. 
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ical  constituent.  In  either  case,  I  think  emery  ought  to  rank  as  a 
separate  species  and  not  as  a  granular  variety  of  corundum,  from 
which  it  differs  so  in  physical  characters." 

I  would  here  remark  that  Dr.  Jackson's  conclusion  would  be 
correct  in*  the  first  state  of  the  case  were  the  iron  an  essential 
chemical  ingredient ;  but  in  the  latter  it  would  be  erroneous,  and 
introduce  inextricable  confusion  into  the  science  of  mineralogy  by 
admitting  mere  mechanical  mixture  as  a  specific  distinction. 

Prof.  C.  U.  Shepard,  writing  on  the  same  point,  says:  "  His 
conclusions  (Dr.  Jackson's)  would  obviously  be  acquiesced  in  were 
it  not  for  the  strong  resemblance  in  strisB  and  cleavage  between  the 
emery  and  common  corundum,  making  it  impossible  for  us  to  sep- 
arate the  substances  crystallographically  from  one  another.  Noth- 
ing like  a  perfect  crystal  of  emery  has  yet  been  found  at  the  mine ; 
but  it  is  quite  remarkable  that  the  mineral  is  here  generally 
coarsely  massive,  or  in  large  separate  individuals  often  of  the  size 
of  kernels  of  Indian  corn,  whose  cleavages  are  perfect,  and  which 
present  on  their  planes  the  delicate  strise  so  characteristic  of  corun- 
dum from  the  Carnatic."  Yet  Prof.  Shepard  is  for  making  emery 
a  new  mineral  species,  calling  it  Emerite,  with  the  formula  te  XI. 

If  the  views  of  Profs.  Jackson  and  Shepard  are  to  be  taken  as 
correct,  the  question  as  to  the  mineralogical  position  of  emery  is 
easily  settled  without  resorting  to  any  new  mineral  species.  It  is 
simply  a  massive  iron-spinel  (hercynite)  with  the  anomaly  of  hav- 
ing hardness  equal  to  corundum. 

IRON-SPINEL.  EMERIES. 

Jackson.  Shepard. 

Alumina 68.75  60.49     \         xi  *« 

Protoxide  iron 41.25  39.60     /         *^'®' 

I  would  say  at  this  point  that  if  the  mineral  of  Chester  is  to 
be  regarded  as  an  aluminate  of  iron,  the  rock  called  emery  coming 
from  Naxos  and  other  well-known  localities  is  not  that  compound, 
und  that  if  one  is  emery  the  other  is  not.  But  as  I  do  not  take  their 
view  of  the  matter,  I  consider  the  Chester  mineral  as  true  an  emery  as 
that  of  Naxos. 

As  there  seems  to  be  some  mistake  and  incorrect  quotation  in 
regard  to  my  analyses  of  emery  and  corundum,  I  reproduce  the 
tabular  statement  of  the  analyses  and  effective  hardness,  referring 
the  reader  to  the  original  paper  for  a  correct  view  of  what  is 
understood  by  the  effective  hardness. 
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No. 


LOC^ALITY. 


:     :     A 


Emert. 

Kulah 

Samos 

Nicaria 

Kulah 

Naxos 

Nicaria 

Naxos 

Kphesus.  ..* 

Kulah 


67 
66 
66 
68 
46 
46 
44 
42 
40 


4.281.90 
3.982.10 
3.76  2.53 
4.02  2.86 
8.76  4.78 
8.748.10 
8.87  5.47 
4.815.62 
8.892.00 


Corundum. 

Sapphire  of  India 

Ruby  of  India 

Corundum,  Nicaria 

Corundum,  Asia  Minor . 

Corundum,  Asia 

Corundum,  India 

Corundum,  Asia 

Corundum,  India 


Emert. 
Chester,  Massachusetts. 
Chester,  Massachusetts. 
Chester,  Massachusetts. 
Chester,  Massachusetts. 
Chester,  Massachusetts . 


100 
90 
77 
66 
60 
68 
67 
66 


83 
40 
89 
45 


a 


Composition. 


5      s 


4.06 


68.60 
70.10 
71.06 
68.00 
68.63 
76.12 
69.46 
60.10 


:  as- 


61.06! 


82.26 
22.21 
20.82 
80.12 
24.10 
12.06 
19.08 
88.20 
27.16 


1.404.12 
0 


8.881.60 
8.920.68 

8.601.66    

3.89|2.86i  98.12 
8.80  8.74  87.82 
8.918.10    84.66 


97.61 
97.82 
92.39 
87.62 
86.62 


61 
00 


2.86 
8.10 
72|6.88 
8l|2.41 
48;i.80 
80  9.68 


8.18 
8.25 
6.46 
6.48 
4.81 


By  the  above  it  will  be  seen  that  the  magnetic  oxide  of  iron 
in  the  emery  of  Naxos,  Ephesus,  etc.  varies  from  13  to  33  per 
cent,  the  water  from  1.9  to  5.0  per  cent,  the  silica  from  1.6  to 
9.6  per  cent.  All  of  these  ingredients  form  minerals  apart  from 
the  corundum,  which  is  represented  by  the  principal  portion  of 
alumina.  Some  of  the  alumina  found  in  the  analysis  is  associ- 
ated with  the  above  ingredients  to  form  associate  minerals  which 
have  been  fully  studied.  This  last  will  serve  to  explain  why  it  is 
that  emeries  having  the  same  amount  of  alumina  may  have  differ- 
ent degrees  of  effective  hardness.  Thus :  Nos.  9  and  4,  both  Kulah 
emeries,  containing  about  the  same  amount  of  alumina,  have  effect- 
ive hardness  in  the  proportion  of  40  to  53  ;  but  it  will  be  seen  that 
No.  9  contains  9.6  per  cent  of  silica,  which  doubtless  appropriates 
a  portion  of  the  alumina,  thus  reducing  the  alumina  attributable 
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to  corundum ;  so  that  were  it  possible  to  ascertain  the  exact  amount 
of  corundum  present  in  9  and  4,  it  would  doubtless  be  in  propor- 
tion to  their  effective  hardness.  So  again,  if  we  compare  Nos.  8 
and  1,  the  effective  hardness  will  be  found  in  the  proportion  of  42 
to  67,  while  their  amounts  of  alumina  vary  only  as  60  to  63 ;  but 
if  we  regard  the  amount  of  water  in  the  two,  it  is  as  5.6  to  1.9, 
much  of  this  water  coming  from  diaspore  that  is  intimately  mixed 
with  the  corundum;  and  in  several  specimens  I  possess  the  two 
minerals  shade  into  each  other  so  completely  that  it  is  impossible 
to  tell  where  one  begins  and  the  other  ends.  The  above  facts  were 
all  well  examined  when  my  first  memoirs  appeared  on  this  subject, 
which  accounts  for  the  following  remark  then  made:  "Those  em- 
eries which  contain  the  least  water,  every  thing  else  alike,  are  the 
hardest,  as  instanced  by  that  from  Kulah,  notwithstanding  the 
quantity  of  iron  it  contains.  The  silica  existing  in  emery  is  most 
often  in  combination  with  alumina  or  the  oxide  of  iron,  or  both ; 
for  this  reason  we  must  not  always  regard  the  quantity  of  alumina 
as  an  indication  of  the  quantity  of  corundum  in  emery." 

In  concluding  this  part  of  the  subject  I  would  state  that  while 
I  do  not  consider  my  opinions  infallible  in  this  matter,  still  all  my 
experience  and  research  gathered  from  such  varied  sources  point 
to  the  conclusion  that  emery  is  a  mixture  of  several  minerals,  prin- 
cipally corundum  and  magnetic  oxide  of  iron,  the  former  being  the 
effective  agent  in  the  mechanical  abrasion  to  which  it  is  applied ; 
the  oxide  of  iron  is  not  to  be  considered  as  an  unimportant  ingre- 
dient, it  serving  by  its  presence  to  destroy  to  some  extent  the  harsh 
cutting  action  of  the  corundum. 

MINERALS  ASSOCIATED  WITH  THE  EMERY   OF  CHESTER. 

Corundum. — This  mineral,  as  might  naturally  be  expected,  is 
found  with  the  emery,  sufficiently  distinct  and  separate  to  be  at 
once  recognized,  sometimes  in  thin  seams,  massive  in  its  character, 
but  more  commonly  in  flattened  crystals  of  small  dimensions. 

Diaspore. — Very  excellent  and  beautiful  specimens  of  this  hy- 
drate of  alumina  have  been  found  at  this  emery  locality ;  it  is 
often  in  distinct  and  separate  prismatic  or  bladed  crystals,  quite 
colorless  and  transparent. 

EmerylUe  or  Margarite. — Some  of  the  finest  specimens  of  this 
mineral  that  are  known  have  been  found  at  this  locality.     It  will 
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be  seen  by  referring  to  my  former  papers  on  emery  that  I  first  dis- 
covered this  mineral  associated  with  emery ;  its  composition  showed 
it  to  differ  from  any  other  then  known  mineral.  I  compared  it 
subsequently  with  margarite,  which  had  been  discovered  before, 
and  suspected  the  identity  of  the  two  minerals ;  but  as  the  analysb 
made  out  and  accepted  as  the  composition  of  margarite  did  not 
accord  with  that  of  emerylite,  I  undertook  to  re-examine  marga- 
rite, when  I  found  that  its  composition  had  been  erroneously  deter- 
mined, and  that  it  was  in  fact  the  same  mineral  with  emerylite, 
which  last  name  has  had  to  yield  to  the  priority  of  date  of  the 
other. 

I  have  analyzed  the  margarite  from  Chester  'and  find  its  com- 
position as  follows : 

Silica 32.21  Magnesia 82 

Alumina 48.87  Soda  and  little  potash 1.91 

Lime 10.02  Lithia 32 

Oxide  of  iron 2.50  Water 4.61 

Manganese 20 

There  is  a  little  titanic  acid  with  the 'oxide  of  iron  that  I  did 
not  estimate. 

Chlorite. — This  mineral  as  found  with  the  emery  is  the  so-called 
eorundophUite  of  Shepard.  On  examination  it  proves  to  be,  both 
chemically  and  physically,  a  chlorite  of  the  variety  ripidolite. 

Biotite.  —  In  examining  a  specimen  of  dark-green  micaceous 
mineral  which  I  took  to  be  chlorite  (the  corundophilite  of  Shep- 
ard), and  from  its  purity  expected  to  get  a  very  accurate  idea  of 
its  composition,  but  in  the  very  commencement  of  the  examination 
it  was  discovered  to  be  well-characterized  biotUe, 

This  mineral  occurs  on  the  surface  of  a  white  rock  that  Prof. 

Shepard  calls  indianite,  but  which  I  have  not  had  time  to  examine. 

It  is  in  small  thin  micaceous  crystals  perpendicular  to  the  surface 

of  the  indianite ;  in  the  mass  it  is  of  a  dark-green  color,  so  dark 

that  at  a  little  distance  it  looks  like  lamellar  plumbago.    A  careful 

analysis  gave  the  following  composition : 

Silica 89.08 

Alumina 15.38 

Magnesia 28.58 

Peroxide  of  iron 7.12 

Manganese 81 

Potash 7.50 

Soda 2.63 

Water 2.24 

Fluorine 76 

98.60 
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This  corresponds  with  the  composition  of  the  biotite  from  Mon- 
roe County,  New  York,  as  made  out  by  Prof.  Brush  and  myself 
in  our  re-examination  of  American  minerals  several  years  ago. 

CorundopMiie  proved  to  be  a  Chlorite. — About  the  time  I  pub- 
lished my  memoirs  on  emery  in  1850  and  1851  Prof.  Bhepard  made 
the  announcement  of  a  new  mineral  (American  Journal  of  Science 
And  Arts,  1851,  XII,  p.  211),  stating  that  it  **  occurs  with  corun- 
dum near  Asheville,  in  Buncombe  County,  North  Carolina,  in  im- 
perfect stellate  groups,  and  also  spreading  out  in  laminae  between 
the  layers  of  corundum ;  color  leek- green,  etc."  An  analysis  af- 
forded silica  34.76,  protoxide  iron  31.25,  alumina  8.55,  water  5.47, 
making  a  loss  of  nearly  20  per  cent,  a  portion  of  which  he  attributes  to 
aUcaUes;  neither  lime  nor  magnesia  were  detected.  He  operated 
on  one  hundred  and  forty  milligrammes.  This  mineral  was  con- 
sidered a  new  one,  and  Prof.  Bhepard  called  it  corundophilite. 
■Supposing  that  I  had  observed  the  same  mineral  in  certain  speci- 
mens of  emery  and  emerylite  from  Chester,  Massachusetts,  I  in- 
closed a  fragment  of  the  specimen  to  Prof.  Shepard  to  ascertain 
if  this  was  the  mineral  he  called  corundophilite;  he  returned  the 
specimen,  announcing  that  it  was.  I  then  analyzed  the  same  and 
found  it  to  be,  both  chemically  and  physically,  a  chlorite,  identical 
no  doubt  with  the  chlorite  I  found  associated  with  the  emery  of 
Asia  Minor.  Both  the  Asia  Minor  and  Chester  varieties  occur  in 
compact  mass,  composed  of  an  agglomeration  of  small  crystalline 
plates — identical  with  the  chlorites  of  Mont  des  Sept-Lacs  and  of 
St.  Christophe,  and  the  ripidolites  of  Eauris  and  St.  Gothard.  In 
the  following  analysis  I  do  not  pretend  to  furnish  that  of  the  pure 
mineral,  as  from  the  thinness  of  the  layers  in  the  specimens  at  my 
disposal  it  can  not  be  separated  in  that  state  of  purity  I  am  in  the 
habit  of  seeking  for  in  all  minerals  that  I  examine : 

Silica 25.06 

Alumina 30.70 

Protoxide  of  iron 16.60 

Magnesia 16.41 

Water 10.62 

99.29 
The  optical  characters  were  not  examined,  there  being  no  means 

at  hand. 

I  may  remark  that  the  alumina  and  magnesia  were  separated 

by  resolution  and  reprecipitation  three  times. 
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Tourmaline. — This  mineral  is  also  found  with  the  emery  of 
Chester  in  the  same  manner  as  with  the  emery  of  Naxos. 

TUaniferauB  iron  (ilmenite). — This  is  found  principally  in  flat- 
tened crystals  in  the  margarite. 

Oxide  of  iUanium  (brookite  or  rutile). — With  the  diaspore  we 
found  some  beautiful  flattened  hair-brown  crystals.  The  speci- 
men in  my  possession  does  not  furnish  the  face  of  the  crystals  so 
as  to  enable  me  to  make  out  what  form  of  titanium  oxide  it  is. 
Prof.  Shepard  thinks  he  has  sufl^cient  evidence  to  pronounce  it  to 
be  brookite. 

Magnetic  oxide  of  iron. — This  ore  of  iron  is  found  in  great  abun- 
dance associated  with  the  emery,  and  is  worked  for  the  manufac- 
ture of  iron ;  it  contains  a  little  oxide  of  titanium. 

The  above,  as  well  as  some  other  associated  minerals  of  less  im- 
portance, justify  the  concluding  remarks  of  my  paper  on  emery 
fifteen  years  ago,  viz.,  *'I  do  not  risk  much  in  saying  that  the 
hydrate  of  alumina  or  diaspore,  as  well  as  the  silicates,  as  emery- 
lite,  chlorite,  and  tourmaline,  and  the  minerals  of  iron,  as  mag- 
netic, titaniferous  iron,  etc.,  will  be  found  almost  every  where  with 
the  emery  and  corundum." 
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INVERTED  MICROSCOPE: 

A  NEW   FORM  OF  MICROSCOPE;  WITH  DESCRIPTION  OF  A 
NEW  MICROMETER  AND  GONIOMETER. 


Proc.  Soeit.  de  BioL,  Paris,  1850;  SUliman's  Jour.,  1852,  xiv,  pp. 
233-241. 

The  instrument  forming  the  subject  of  this  article  was  invented 
by  me  in  the  summer  of  1850,  and  first  brought  to  the  notice  of 
the  Soeiete  de  Biologie  of  Paris  in  the  month  of  September  of  the 
same  year,  and  with  additional  improvements  in  the  micrometer 
movement  was  laid  before  the  American  Scientific  Association  in 
1851.  Besides  the  mention  made  of  this  instrument  in  the  min- 
utes of  the  proceedings  of  those  scientific  bodies,  no  account  of  it 
has  been  published  giving  a  full  detail  of  the  objects  sought  after 
and  effected  by  this  new  form  of  microscope ;  and  this  I  now  has- 
ten to  do,  in  justice  to  myself,  since  seeing  in  the  last  edition  of 
Quekett's  work  on  the  microscope  a  short  description  of  this  instru- 
ment under  the  title  of  Nachet's  Chemical  Microscope.  How  it 
is  that  my  name  has  been  entirely  omitted  in  connection  with  it  is 
a  mystery  to  me ;  it  must  have  arisen  through  Mr.  Nachet's  neg- 
lect to  mention  who  the  inventor  of  it  was  while  exhibiting  it  at 
the  World's  Fair  in  London  in  1862,  or  through  the  forgetfulness 
of  Mr.  Quekett  after  being  informed  on  the  subject.  This  omis- 
sion is  still  more  glaring,  from  the  fact  that  the  instrument  as  then 
exhibited,  with  one  or  two  very  unimportant  modifications,  is  the 
same  in  all  its  mechanical  details  as  was  constructed  for  me,  from 
my  plans,  by  M.  Nachet,  of  Paris,  aijd  used  in  the  laboratory  of 
Messrs.  Wurtz  and  Verdiel. 

I  am  sorry  to  be  obliged  to  preface  the  description  of  the  mi- 
croscope with  this  reclamation;  but  after  considerable  experience  I 
feel  that  the  instrument  is  an  important  one  for  general  as  well  as 
chemical  purposes,  and  that  it  will  in  time  be  considered  a  decided 
advancement  in  the  construction  of  microscopes.  With  these 
views  in  the  matter  I  am  unwilling  to  yield  what  little  credit 
might  be  due  the  inventor  of  it. 
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The  great  development  made  in  microscopic  research  during 
the  last  twenty  or  thirty  years  is  due  in  great  part  to  improvements 
in  the  construction  of  achromatic  object-glasses ;  still  the  mechan- 
ical arrangements  of  the  instrument  have  contributed  their  share  to 
facilitate  observation  and  diminish  the  fatigue  dependent  upon  this 
character  of  research.  In  fact,  observers  have  not  hesitated  to 
make  use  of  different  descriptions  of  mounting  in  their  varied  field 
of  research,  and  now  we  have  instruments  for  general  purposes,  but 
the  construction  of  which  is  imperfectly  adapted  to  certain  special 
researches ;  as,  for  instance,  the  dissection  of  animal  tissues.  This 
last  circumstance  has  given  rise  to  the  invention  of  various  forms 
of  dissecting  microscopes,  such  as  the  Pancreatic  Microscope  of 
Oberhauser,  and  more  recently  the  simple  and  better  instrument 
for  arriving  at  the  same  end  constructed  by  Nachet,  of  Paris. 

These  remarks  are  made  to  show  how  the  use  of  the  microscope 
might  be  extended  by  paying  proper  attention  to  its  mechanical 
arrangements,  and  it  is  from  this  caus^  I  have  been  led  to  seek  out 
a  form  of  instrument  by  means  of  which  micro-chemical  research 
might  be  facilitated  and  enlarged.  The  instrument  about  to  be  de- 
scribed is  calculated  to  produce  these  results. 

The  great  obstacles  to  chemical  research  beneath  the  microscope 
are  twofold:  first,  the  necessity  of  manipulating  in  the  limited 
space  between  the  object-glass  and  the  stage;  and  secondly,  the 
exposure  of  the  most  essential  parts  of  the  instrument  to  the  va- 
pors emanating  from  the  re-agents  employed,  and  the  condensation 
of  vapor  on  the  under-surface  of  the  object-glass,  thereby  obscur- 
ing the  view.  A  less  important  obstacle  is  the  impossibility  of 
heating  a  liquid  or  other  substance  while  beneath  the  microscope. 

The  only  way  by  which  these  difficulties  can  be  surmounted  is 
to  place  the  object-glass  beneath  the  stage  and  the  object  above  it, 
with  an  optical  arrangement  of  such  a  nature  as  to  permit  observa- 
tion. It  was  with  this  view  that  M.  Chevalier  made  a  chemical 
support  to  go  with  his  general  instrument,  but  those  familiar  with 
it  know  how  awkward  it  is  for  manipulation,  although  exceedingly 
ingenious  and  doubtless  as  perfect  as  could  be  for  attaching  to  his 
instrument.  Feeling  then  the  want  of  something  more  effective,  I 
was  led  to  the  construction  of  the  inverted  microscope  entirely 
with  reference  to  its  chemical  uses,  other  purposes  to  which  it 
might  be  applied  being  of  secondary  consideration ;  but  I  would 
here  remark  that  since  its  completion  its  value  even  in  this  latter 
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respect  yields  to  no  other  form  of  instrument,  and  has  induced  me 
to  change  its  original  designation  of  Chemical  Microscope  to  that 
of  Inverted  Microscope,  as  the  former  name  might  mislead  as  to 
the  extent  of  its  uses. 


4l^Cfc^ 


] 


It  was  important  for  the  arrangement  in  question  so  to  have 
the  relative  position  of  the  stage  and  eye-piece  that  the  eye,  while 
on  a  level  with  the  latter,  could  readily  see  the  former  and  guide 
the  required  manipulations. 

Without  entering  into  any  detail  of  the  steps  taken  in  the  con- 
struction of  the  instrument,  I  will  at  on<5e  proceed  to  a  description 
of  it  that  will  be  readily  understood  by  referring  to  the  figure. 
The  most  important  part  is  a  four-sided  prism,  with  the  angles 
a,  6,  c,  d,  respectively  55°,  107^°,  52^°,  145°,  the  angles  being  of 
such  dimensions  that  a  ray  of  light  passing  into  the  prism  in  the 
directions  shown  by  the  arrows,  and  perpendicular  to  the  surface 
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a  df  after  undergoing  total  reflection  from  the  inner  surfaces  a  h 
and  b  c  (on  both  of  which  the  light  strikes  at  an  angle  much  less 
than  forty-five  degrees),  will  pass  out  perpendicular  to  the  surface 
c  d.  If  the  line  c  be  followed,  it  will  be  readily  seen  how  a  ray  of 
light  passing  through  the  object-glass  B  descends  into  the  prism 
and  passes  out  of  it  upward  through  the  eye-glass  D,  the  tube  of 
which  is  inclined  to  the  perpendicular  35°.  The  other  parts  of  the 
instrument  are  understood  by  simply  looking  at  the  figure.  E  is  a 
heavy  support  that  revolves  on  another  support  H,  which  carries  a 
column  I,  on  which  are  placed  the  mirror,  diaphragm,  etc.  The 
prism  used  has  each  side  nearly  an  inch  in  length,  and  little  less  in 
width,  which  is  about  the  most  convenient  size.  The  arrangement 
for  adjusting  the  focal  distances  is  somewhat  peculiar,  and  is  readily 
understood  by  reference  to  fig.  4. 
There  are  three  tubes  (the  outer 
one  of  which  is  F)  that  slide  on 
each  other ;  the  inner  is  fastened 
to  the  plate  O ;  the  second  tube 
has  a  projecting  collar,  on  the 
under  surface  of  which  rest  the 
extremities  of  two  springs  y,  and 
on  the  upper  surface  two  points  Fig.  4. 

of  the  lever  X,  which  is  moved  by  means  of  the  screw  T.  The 
plate  O  is  fastened  on  to  the  top  of  the  prism  by  the  binding-screw 
L  (fig.  1),  that  readily  allows  of  the  plate  being  detached  at  pleas- 
ure, which  it  is  necessary  to  do  at  times  in  order  to  wipe  the  upper 
surface  of  the  prism.  The  way  in  which  the  observer  operates  is 
to  screw  one  or  other  of  the  object-glasses  to  a  small  cap,  K  (fig, 
4),  that  simply  rests  on  the  upper  end  of  the  outer  tube  F,  which 
is  readily  moved  up  and  down  by  the  finger  for  the  coarser  adjust- 
ment, while  the  minute  adjustment  is  obtained  by  moving  the 
screw  T. 

This  description  suflSces  to  make  it  clearly  understood  how  the 
instrument  is  used,  and  the  conveniences  arising  therefrom.  In 
examining  an  object  with  ^his  microscope  the  object  is  arranged  in 
the  ordinary  way ;  when  liquid  it  is  placed  in  a  watch-glass,  or  such 
glass  cells  as  are  convenient  to  use.  In  employing  re-agents  they 
can  be  added  and  their  efiects  watched  immediately,  for  it  is  readily 
seen  how  the  eye  guides  the  manipulations  on  the  stage,  and  looks 
into  the  instrument  almost  at  one  and  the  same  time — a  circum- 
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stance  that  facilitates  and  renders  highly  satisfactory  all  such 
operations,  as  nearly  two  years*  experience  has  convinced  me. 

With  this  arrangement  we  need  not  hesitate  to  employ  hydro- 
fluoric acid  kmong  our  re-agents,  as  Prof.  Bailey  has  already  done, 
for  the  purpose  of  settling,  in  a  most  ingenious  manner,  that  the 
markings  on  certain  microscopic  siliceous  animalculie  are  elevations 
and  not  depressions,  as  they  disappear  last  under  the  action  of 
this  acid. 

Under  the  supporting  ring  V  are  placed  the  diaphragms,  polar- 
iscope,  achromatic  condenser,  etc.  I  have  also  arranged  a  small 
ring  of  ivory,  through  the  edge  of  which  two  wires  pass  that  can 
be  made  the  poles  of  a  galvanic  battery  and  thereby  subject  any 
thing  to  an  electric  action  while  on  the  microscope.  The  extremities 
of  the  wires  may  be  united  with  a  spiral  of  small  platinum  wire, 
which  would  become  heated  by  the  passage  of  the  electricity,  and 
in  this  state  can  be  brought  immediately  over  the  object  under 
examination. 

There  is  another  and  very  simple  method  which  I  have  adopted 
for  heating  or  evaporating  liquids  while  on  the  stage  of  the  micro- 
scope. It  consists  of  a  thin  plate  of  brass  about  five  inches  long 
and  an  inch  wide  with  a  hole  in  the  center.  About  an  inch  and  a 
half  each  side  of  the  hole  there  are  two  screws  projecting  about 
the  tenth  of  an  inch.  When  required  it  is  placed  on  the  stage 
with  the  projecting  screws  downward  that  prevent  the  plate  from 
touching  the  stage,  and  the  part  of  the  plate  projecting  beyond 
the  stage  is  heated  by  a  small  lamp.  The  heat  is  readily  propa- 
gated along  the  plate  and  imparted  to  the  glass  that  may  be  placed 
along  it. 

In  using  this  instrument  for  chemical  purposes  it  is  very  neces- 
sary to  be  able  to  apply  the  xe-agents  conveniently,  and  for  this 
purpose  I  place  such  of  them  as  are  used  in  two-ounce  vials,  in  the 
neck  of  which  there  is  a  small  drop-tube,  as  represented  in  fig.  3, 
over  the  top  of  which  is  stretched  a  piece  of  sheet  india-rubber, 
and  by  pressing  and  relaxing  it  the  liquid  is  drawn  in,  and  by 
pressing  the  same  the  smallest  possible  quantity  can  be  discharged 
on  the  object  subject  to  examination.  The  tube  also  serves  as  a 
stopper  to  the  vial,  for  the  length  of  the  capillary  extremity  is 
such  that  it  reaches  nearly  to  the  bottom. 

The  acids  and  ammonia  used  are  always  diluted  to  about  one 
half  their  ordinary  strength,  to  prevent  any*unnecessary  disengage- 
ment of  vapors. 
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A  movable  stage  under  many  circumstances  is  very  convenient, 
and  I  have  adopted  one  of  a  very  simple  character  and  quite  equal 
to  any  of  those  where  the  motion  is  produced  by  screws  or  pinions. 
It  is  a  circular  plate  of  metal  or  glass  about  three  fourths  of  an 
inch  less  in  diameter  than  the  fixed  stage  of  the  instrument,  and 
an  eighth  of  an  inch  thick,  with  a  hole  in  the  center  of  nearly  an 
inch  diameter.  This  is  laid  in  the  stage  of  the  instrument,  the 
glass  sustaining  the  object  placed  on  it,  and  when  required  the 
former  is  moved  by  the  fingers,  which  can  readily  impart  to  it  the 
most  delicate  motion,  as  they  are  in  part  supported  by  the  edge  of 
the  fixed  stage.  For  this  suggestion  I  am  indebted  to  Prof.  Rid- 
dell,  and  both  he  and  myself,  after  much  experience,  feel  con- 
vinced of  its  usefulness. 

In  observing  with  high  potoera,  as  the  object-glass  is  beneath  the 
glass  supporting  the  object,  and  as  this  glass  is  usually  of  a  certain 
thickness,  we  have  to  change  our  method  of  observation — for  all 
powers  resorted  to  in  chemical  examination  this  difiiculty  never 
occurs,  and  in  using  high  powers  it  is  easily  obviated.  Where  the 
object  is  already  mounted  and  dry,  the  thin  glass  can  be  readily 
turned  downward ;  but  where  it  is  moist — as,  for  instance,  in  ex- 
amining fresh  DesmidioB  and  DiatoniacicB — the  following  plan  is 
resorted  to,  namely,  to  use  a  cell  made  of  a  thin  piece  of  brass 
or  glass  perforated  with  a  hole  about  half  an  inch  in  diameter ;  it 
is  best  to  give  the  hole  a  considerable  bevel  in  one  direction,  as  it 
facilitates  the  cleaning  of  it ;  over  the  small  end  of  the  hole  a 
piece  of  thin  glass  is  stuck  with  balsam  or  other  cement.  When 
used  the  object  to  be  examined  is  placed  within,  and  a  cover  of 
thin  glass  placed  above.  When  brass  is  used  to  make  the  cell  it 
may  be  as  thin  as  the  twentieth  of  an  inch ;  and  I  have  two  such 
in  my  possession,  made  for  me  by  Prof.  Riddell,  and  they  are  cer- 
tainly the  most  convenient  things  of  the  kind  I  have  ever  used. 
And  here  I  may  remark  that  for  all  observation  with  high  powers 
the  Inverted  Microscope  is  decidedly  superior  to  the  ordinary  forms 
of  mounting :  for  in  the  latter  case  when  an  object  glass  of  a  one- 
twelfth  or  a  one-sixteenth-inch  focus  is  used  the  focus  is  too  short 
to  admit  of  the  use  of  cells ;  whereas,  in  the  inverted  form,  as  the 
object  is  looked  at  from  beneath,  the  cell  may  be  as  thick  as  one 
pleases.  Another  thing  that  I  have  discovered  connected  with  this 
class  of  observations  is,  that  the  Desmidice  and  Diatomacice  can  be 
observed  to  much  greater  advantage  from  beneath  than  from  above. 
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for  reasons  that  will  be  obvious  to  persons  accustomed  to  observe 
these  classes  of  objects. 

Another  advantage  possessed  by  this  instrument  calculated  to 
extend  its  use  for  general  purposes,  is  its  great  capacity  for  every 
variety  of  illumination  without  sacrificing  the  ease  and  freedom 
from  fatigue  belonging  to  the  use  of  this  form  of  microscope ;  for 
when  placed  on  a  table  rather  higher  than  the  one  commonly  used 
and  a  foot  or  two  from  the  edge,  the  observer  can  recline  on  his 
arms  and  observe  for  hours  without  the  slightest  sensation  of 
fatigue.* 

Many  little  additional  conveniences  will  suggest  themselves  to 
almost  all  microscopists  who  may  use  this  instrument;  but  the 
great  principle  belonging  to  it  is  what  I  desire  to  make  public,  and 
any  other  adjuncts  that  may  be  described  are  such  as  belong  to  all 
forms  of  microscopes. 

NEW   FORM    OF   EYE-PIECE    MICROMETEB    FOB    MEABUBINO    OBJECTS 
UNDEB  THE  MICBOSCOPE. 

Facility  of  measuring  objects  under  the  microscope  is  a  great 
desideratum ;  and  for  this  reason  I  now  make  known  what  I  have 
been  using  for  this  purpose  for  upwards  of  two  years,  as  it  fur- 
nishes all  that  can  be  desired.    The  eye-piece  micrometer  ordinarily 

♦As  Prof.  Riddell,  of  the  Medical  Department  of  the  University  of 
Louisiana,  has  been  using  my  microscope  for  general  purposes  for  more 
than  a  year,  I  requested  of  him  his  opinion  as  to  its  advantages,  which  is 
expressed  in  the  following  letter : 

Prof.  J.  Lawrkncb  Smith:  Dear  Sir — In  reply  to  your. note  respecting 
your  Inverted  Microscope,  I  have  to  say  that  having  formerly  been  in  the 
habit  of  usine  the  mountings  of  Pritchard,  Dollard,  Kaspail,  Chevalier,  and 
Nachet,  and  having  the  past  year  constantly  used  my  best  lenses  (Spencer's 
make)  in  the  inverted  microscope,  I  am  fully  satisfied  of  the  practical 
superiority  of  the  latter  for  general  purposes.  With  it  observation  can  be 
made  with  more  ease  and  comfort,  the  light  admits  of  more  convenient  and 
efficient  management,  chemical  re-agents  can  be  applied  to  the  object  with 
the  greatest  facility,  without  endangering  the  instrument,  and  the  slides  can 
be  moved  or  changed  with  the  utmost  facility,  and  with  perfect  safety  to 
the  object-glass  and  the  slides  themselves.  The  instrument  is  so  firm  as  to 
manifest  no  vibration  with  the  highest  powers,  and  admits  of  the  attachment 
of  every  collateral  appliance.  I  shall  never  willingly  return  to  the  habitual 
use  of  any  other  known  form  of  microscope,  especially  with  high  powers. 
The  excellence  of  your  form  of  microscope  depends  on  having  a  good 
reflecting  prism  below  the  object-glass.  The  one  used  by  me,  made  by  Ober- 
hauser,  of  Paris,  seems  to  be  perfection  itself,  and  seems  neither  to  absorb 
or  distort  the  luminous  rays  in  the  slightest  degree. 

Kespectfully  yours,  J.  L,  Riddblu 
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in  iise  consists  of  a  glass  with  divisions  drawn  in  it  contained  in  a 
special  eye-piece  adapted  for  its  use ;  and  whenever  the  measure- 
ment of  an  object  is  required  we  replace  the  eye-piece  used  by 
the  micrometer  eye-piece,  and  move  the  objec^  on  the  stage  so 
that  its  image  falls  on  the  marking  of  the  micrometer.  With  all 
its  advantages  this  form  has  many  inconveniences,  among  which 
I  will  mention  the  necessity  of  using  an  eyepiece,  which  is  not 
always  the  best  for  examination,  the  constant  interposition  of  the 
micrometer  in  the  field  of  observation,  and  the  necessity  of  moving 
the  object  so  as  to  superpose  its  image  on  the  micrometer. 

The  eye-piece  micrometer  of  Mr.  George  Jackson,  described  in 
Quekett's  work  on  the  Microscope,  is  an  improvement  on  the  one 
just  mentioned,  but  does  not  do  away  with  all  the  objections. 

By  the  present  arrangement  the  micrometer  can  be  used  with 
any  eye-piece;  it  can  be  withdrawn  at  pleasure,  and  placed  over  the 
image  of  the  object  without  regard  to  its  position  in  the  field ;  for 
this  purpose  the  tube  of  the  microscope  is  in  two  parts,  6  and  N 
(fig.  2) ;  the  former  has  a  collar,  h,  and  projects  a  couple  of  inches 
into  N,  turns  freely  in  it  and  is  retained  by  a  small  screw  n  passing 
through  N  and  playing  on  a  groove  in  G.  On  the  upper  part  of 
of  G  there  is  a  small  rectangular  opening  in  a  little  mechanical 
arrangement,  as  seen  in  wi.  The  various  eye-pieces  are  so  mounted 
that  when  placed  in  the  tube  G  the  planes  of  their  foci  correspond 
with  the  opening  at  g^  and  at  the  same  time  there  is  an  opening  in 
their  mounting,  which  is  made  to  come  opposite  to  that  of  g.  The 
micrometer  is  seen  in  fig.  2,  and  consists  of  a  brass  mounting,  B, 
with  a  small  plate  of  glass,  A,  having  near  the  outer  edge  a  fine 
graduate  scale  (the  one  used  is  ten  millimeters  divided  in  one  hun- 
dred parts)  made  in  the  direction  of  the  breadth  and  not  of  the 
length  of  the  micrometer,  which  little  circumstance  is  of  vast  im- 
portance ;  for,  made  as  it  is,  it  can  sweep  the  field  of  the  micro- 
scope; whereas,  were  it  graduated  longitudinally  it  would  simply 
move  in  the  radii  of  the  field,  and  therefore  could  not  be  brought 
on  the  object  in  many  of  its  positions. 

The  manner  of  using  the  micrometer  can  be  understood  in  a 
few  words.  In  examining  with  any  eye-piece,  if  it  be  required  to 
measure  an  object,  the  micrometer  B  is  introduced  into  the  opening 
g,  and  if  not  seen  distinctly,  by  turning  the  screw  p  it  is  readily 
adjusted,  and  by  pushing  it  backward  or  forward,  or  turning  the 
tube  D,  the  graduated  scale  can  be  readily  brought  over  the  image 
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of  the  object,  either  longitudinally  or  otherwise ;  and,  knowing  the 
value  of  each  division,  the  dimensions  of  the  object  are  readily 
made  out.  The  manner  of  ascertaining  the  value  of  these  divis- 
ions 18  learnt  in  almost  every  work  upon  the  microscope.  This 
method  of  mine  is  now  adopted  by  M.  Nachet,  of  Paris,  in  the 
construction  of  hb  large  microscope. 

A  NEW  FORM  OF  GONIOMETER  FOR  MEASURING  ANGLES  OF  CRYSTALS 
UNDER  THE  MICROSCOPE. 

The  measurement  of  the  angles  of  crystals  beneath  the  micro- 
scope is  at  best  a  very  imperfect  operation,  for  we  can  only  measure 
plane  angles,  the  angles  between  the  faces  not  being  measurable ; 
yet,  imperfect  as  it  is,  it  is  an  important  adjunct  in  certain  re- 
searches, as  may  be  seen  by  referring  to  the  following,  which  is  an 
abstract  from  Lehmann's  work  on  Physiological  Chemistry,  where 
he  speaks  of  detecting  a  minute  quantity  of  urea  in  albuminous 
fluids:  *'If  the  residue  of  the  fluids  from  which  the  coagulated 
matters  have  been  filtered  be  extracted  with  cold  alcohol,  and  the 
solution  rapidly  evaporated,  so  as  to  cause  the  chloride  of  sodium 
(taken  up  by  the  cold  alcohol)  to  separate  as  much  as  possible  in 
crystals,  or  then  bringing  a  drop  of  the  matter-liquid  in  contact 
with  nitric  acid  under  the  microscope,  we  shall  observe  the  com- 
mencement of  the  formation  of  rhombic  octahedra,  and  the  hexag^ 
onal  tablets,  in  which,  if  the  investigation  is  to  be  unquestionable, 
the  acute  angles  (=82°)  must  be  always  measured.  After  the 
determination  of  the  nitrate  we  may  also  obtain  the  oxalate,  and 
submit  it  to  microscopic  examination.  A  good  crystaUine  determinor 
tion  yields  the  same  certainty  as  an  elementary  ajialysis,  uhich  in  theie, 
ccues  would  never,  or  extremely  seldom,  be  possible,^' 

Two  of  the  best  goniometers  used  for  this  purpose  are  those 
of  Ross  and  Leesom,  the  latter  being  doubtless  the  best,  and  based 
on  the  use  of  the  double  refracting  spar.  After  trial,  however,  I 
find  it  neither  as  accurate  nor  as  economical  in  its  construction  as 
the  following :  Around  the  tube  N  (fig.  1)  there  is  a  collar  X  fast- 
ened to  it.  On  the  collar  there  is  a  graduated  circle  8,  about  three 
inches  in  diameter,  turning  freely  on  X.  On  the  tube  G  a  small 
index  t  is  fastened.  These  are  all  the  additional  parts  necessary, 
as  the  micrometer  just  described  is  used  to  aid  in  the  measurement, 
which  is  accomplished  as  follows :  The  angle  of  the  crystal  to  be 
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measured  is  brought  as  near  the  center  of  the  field  as  the  eye 
can  readily  judge  of  (a  little  deviation  will  not  sensibly  afiect  the 
measurement).  The  micrometer  is  then  introduced  in  the  opening 
g^  and  turned  about  until  the  lines  are  parallel  to  one  side  of  the 
angle,  or  until  one  of  the  long  marks  corresponds  with  that  side. 
This  done,  without  disturbing  the  tube  6,  the  graduated  circle  S 
is  turned  until  the  index  t  points  to  zero.  Now  look  again  into 
the  instrument,  and  turn  G  until  the  markings  on  the  micrometer 
are  parallel  with  the  other  side  of  the  angle ;  read  the  number  of 
degrees  on  the  circle,  and  this  will  be  the  angle  or  its  complement. 
It  frequently  happens  that  the  micrometer  has  to  be  moved  in  or 
out  to  make  the  lines  upon  it  accord  with  the  second  side ;  but  as 
this  motion  b  altogether  a  parallel  one,  the  accuracy  of  the  meas- 
urement is  not  at  all  affected.  The  simplicity  of  the  mechanical 
arrangement  can  now  be  very  readily  seen.  The  same  advantage 
in  using  the  micrometer  with  every  eye-piece  belongs  to  the  goni- 
ometer. 
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1.  Action  op  Nitric  Acid  on  the  Chlorides  op  Potassium 
AND  Sodium.  2.  Action  op  Oxalic  Acm  on  the  Nitrates 
AND  Chlorides  op  the  same,  with  a  ready  Method  op 

CONVERTING  THEM  INTO  THE  CARBONATES;    OXALIC  AciD  EN- 

ABLiNO  Zinc  to  decompose  Water. 
SiUiman'a  J(mm,,  xvi,  1853,  pp.  373-375. 

This  note  is  intended  as  -an  appendix  to  my  researches  for 
determining  the  alkalies  in  insoluble  silicates. 

During  that  investigation  many  novel  and  interesting  reactions 
were  observed,  several  of  which  have  already  been  alluded  to.  I 
present  here  one  or  two  others  of  some  interest. 

It  is  well  known  that  if  nitric  acid  be  added  to  a  chloride,  or 
hydrochloric  acid  to  a  nitrate,  more  or  less  of  a  decomposition  will 
in  either  case  ensue ;  but  I  believe  it  is  not  generally  known  how 
ready  and  complete  the  replacement  is  when  nitric  acid  is  heated 
with  chloride  of  potassium  or  of  sodium. 

Among  the  experiments  made,  forty  grammes  of  nitric  acid 
were  boiled  gently  with  six  grammes  of  chloride  of  potassium, 
and  in  twenty  minutes  no  trace  of  chlorine  could  be  found  in  the 
liquid.  The  same  is  true  when  the  chloride  of  sodium  is  used. 
The  operations  appear  to  depend  on  the  oxidizing  property  of  the 
nitric  acid,  with  the  liberation  of  chlorine  that  combines  with  some 
of  the  elements  of  nitric  acid  to  form  the  chloronitric  acid  that 
readily  passes  off.  The  decomposition  of  the  nitrates  of  the  alka- 
lies by  hydrochloric  acid  does  not  readily  take  place,  it  not  being 
complete  even  after  repeated  evaporations  to  dryness  with  a  large 
excess  of  hydrochloric  acid. 

Before  settling  on  the  plan  I  now  adopt,  an  easy  method  was 
sought  for  separating  the  alkalies  from  magnesia  by  converting 
the  two  into  carbonates — a  plan  that  had  previously  been  adopted ; 
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but  the  question  with  me  was  to  change  the  nitrates  to  carbonates. 
The  idea  suggested  itself  of  heating  the  nitrates  with  an  excess 
of  oxalic  acid  to  the  temperature  at  which  the  latter  undergoes 
decomposition,  when  the  nascent  oxide  of  carbon  might  break  up 
the  constitution  of  the  nitric  acid,  and  the  carbonic  acid  formed 
combine  with  the  bases. 

On  making  the  experiment  I  was  surprised  to  see  an  abundant 
evolution  of  nitrous-acid  vapors  at  a  temperature  considerably  be- 
low 212^.  It  was  clear  that  the  oxalic  acid  decomposed  the  nitrate, 
liberating  the  nitric  acid,  which  reacting  on  the  excess  of  oxalic 
acid  gave  rise  to  the  nitrous-acid  vapors.  If  crystallized  oxalic 
acid  and  the  nitrate  of  potash  or  soda,  the  former  in  excess,  be 
placed  together  in  a  flask  and  heated  over  a  water-bath,  the  mass 
soon  enters  into  watery  fusion,  and  at  the  temperature  of  from 
130''  to  140®  bubbles  of  gas  are  evolved,  consisting  of  nitrous  acid 
and  carbonic  acid.  At  212®  the  evolution  is  vigorous ;  and  if  after 
evaporation  to  dryness  the  water  be  renewed  several  times,  the 
nitric  acid  will  be  completely  expelled  from  the  niter,  there  re- 
maining the  excess  of  oxalic  acid  and  the  oxalate  of  the  alkalies. 

It  was  natural  to  conclude  from  the  above  result  that  oxalic 
acid  would  likewise  decompose  the  chlorides  of  the  alkalies,  and 
on  experiment  the  conclusion  proved  to  be  correct.  If  an  excess 
of  oxalic  acid  be  mixed  with  either  the  chloride  of  potassium  or 
of  sodium,  and  the  whole  warmed  gently,  abundant  vapors  of  hy- 
drochloric acid  are  evolved,  and  by  careful  manipulation  all  the 
chlorine  may  be  driven  off  under  this  form. 

If  heat  be  applied  to  the  mass  resulting  from  the  action  of 
oxalic  acid  on  either  the  nitrates  or  the  chlorides,  all  the  oxalic 
acid  will  be  expelled  and  the  oxalates  converted  into  carbonates. 
A  small  amount  of  chloride  of  sodium  can  in  this  way  be  converted 
in  a  few  moments  into  carbonate  of  soda ;  not,  however,  without 
some  trace  of  the  chloride  being  present.  It  is  not  my  object  to 
point  to  any  special  application  of  this  decomposition,  but  it  is 
one  that  may  come  into  play  in  certain  operations  in  analytical 
chemistry. 

Experiments  were  made  with  the  sulphates  of  the  alkalies  to 
see  if  the  oxalic  acid  had  any  decomposing  action  upon  them,  ex- 
pecting to  test  for  free  sulphuric  acid  by  the  action  of  the  solution 
of  the  mass  on  zinc  or  iron,  taking  for  granted  that  the  presence 
of  oxalic  acid  alone  would  not  cause  the  evolution  of  hydrogen 
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gas.  Experiment,  however,  showed  that  this  manner  of  testing 
the  question  was  fallacious,  and  no  other  method  suggesting  itself 
it  was  impossible  to  decide  the  question  positively.  Sufficient  was 
ascertained  to  show  that  if  the  sulphate^ was  decomposed  it  was 
only  to  a  very. minute  extent. 

In  connection  with  this  last  experiment  it  is  proved  that  zinc 
decomposes  water  readily  in  presence  of  oxalic  acid,* hydrogen  gas 
being  evolved.  The  action  ceases  in  a  short* time  from  the  forma- 
tion of  insoluble  oxalate  of  zinc.  With  iron  the  action  is  very 
feeble  even  when  the  solution  is  heated. 

The  decomposing  action  of  oxalic  acid  upon  the  nitrates  and 
chlorides  of  alkalies  appears  to  be  due  simply  to  the  fact  of  a  more 
stable  acid  being  able  to  replace  a  more  volatile  one,  and  in  no 
way  measures  the  relative  strengths  of  the  acids ;  it  being  a  well- 
established  fact  that  the  physical  as  well  as  chemical  properties 
of  acids  have  much  to  do  with  their  capability  of  replacing  each 
other,  a  mere  change  of  circumstances  often  reversing  their  rela- 
tive action. 
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StUimatCs  J<mr.y  xv,  1853,  pp.  207-215,  xvi,  1853,  pp.  41-53,  365- 
373,  xviii,  1854,  pp.  372-381;  Erdm.  Jour.  Prak.  Chem.,  lix, 
1853,  pp.  161-167,  274-282,  Ixi,  1854,  pp.  172-179. 

In  the  investigations  which  will  be  detailed  we  have  endeavored 
to  clear  up  the  doubts  due  to  imperfect  analyses  and  descriptions 
that  exist  respecting  several  American  minerals.  Every  care  has 
been  taken  to  procure  the  best  specimens,  and  our  results  have 
been  tested  by  several  analyses  of  each.  We  are  under  obligations 
to  several  mineralogists  of  this  country  who  have  placed  their  cab- 
inets at  our  disposal  for  this  investigation,  and  among  those  to 
whom  we  are  more  especially  indebted  we  take  pleasure  in  men- 
tioning Messrs.  L.  White  Williams  and  W.  W.  Jeffries,  of  West- 
chester, Pa.;  T.  F.  Seal,  of  Philadelphia,  and  Mr.  Theo.  8.  Gold, 
of  West  Cornwall,  Conn. 

1.  Emerylite  Identical  with  Maroarite. 

Emerylite  was  originally  found  by  one  of  us  on  the  emery  of 
Asia  Minor,  and  also  on  the  same  mineral  coming  from  the  Gre- 
cian Archipelago,  Siberia,  and  China ;  it  was  subsequently  traced 
by  Prof  Silliman,  jr.,  in  connection  with  the  corundum  occurring 
in  various  parts  of  this  country.  Its  constant  occurrence  with 
emery  and  corundum  (forming  one  of  the  minerals  of  elimination 
in  their  formation)  suggested  the  name  emerylite  as  most  appro- 
priate, its  composition  having  been  found  to  be  different  from  that 
of  any  known  mineral. 

It  .was  justly  considered  an  interesting  species  on  account  of  its 
accompanying  the  various  forms  of  corundum  wherever  observed ; 
and  it  may  be  safely  said  that  no  mineral  has  been  proved  to  be  as 
widely  distributed  in  so  short  a  time  after  the  iii*st  announcement 

*  In  the  first  half  of  this  re-examination  I  was  assisted  by  my  friend, 
George  J.  Brush. 
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of  its  connection  with  the  emery  of  Asia  Minor,  and  the  suggestion 
that  it  might  be  found  with  the  corundum  of  other  localities. 

The  analyses  which  were  immediately  made  of  this  mineral  by 
di^rent  chemists,  on  specimens  coming  from  various  parts  of  the 
world,  showed  a  uniformity  of  composition  most  remarkable  in  a 
micaceous  mineral,  and  so  it  was  considered  by  a  committee  of  the 
Academy  of  Sciences  at  Paris,  who  reported  on  this  subject.*  This 
fact  is  most  clearly  seen  by  reference  to  the  following  table  of 
analyses  made  in  1850: 


LOCALITIKS. 


Si  I  'A\ 


Ca        P( 


Ife 


Mg 


fe&Ni 


n 


Mn   I 


•Oomucb-dagh 29.66  50.88 

liland  of  N^rla..  30.22  49.67 

Island  of  Nlcaria..  29.87  48.48 

Island  of  Naxos...  30.02  49.62 

Island  of  NaxoH ...  '28.90  48. 5» 

Island  of  Naxo8.~  30.10  50.08 

Gumuch-dagh 30.90  48.21 

Gumnch-dagh 31.93  48.}<0 

Siberia 28.^0  51.02 

Village  Green,  Pa.,  :<2 . 31  49 .  24 

Village  Green,  Pa..  ^1 .06  61.20 

Village  Green, Pa..  :n.26  61.60 

Village  Green,  Pa..  30.18  51.40 

Buncombe  Co.N.C.  29.17  48.40 

Unionville,  Pa I  29.99  60.57 

Unionville,  Pa '32.15  64.28 


18.56  1 
11.57 
10.84  1 
10.82, 
11.921 


1.78 
1.33 
l.bS 
1.65 

.87 


10.80  I  not  est. 
9.531    2.81 


.50 
trace 
trace 

.48 
not  est. 


1.50 
2.31 
2.86 
1.25 
not  est 


..J.L.Smith. 


1.50 
1.78 


9.411 
12.05 ' 
10.661 

9.24  

10.15 

10.87 

9.87  

11.31  I 

11.361  trace 


•• 

2.31 

" 

not  est 

.80 

2.21 

.28 

2.97 

.50 

1.22 

.72 

2.77 

1.24 

6.1ft 

.62 

2.47 

.05 

not  est. 

3.41  ... 
5.12  .., 
4.32... 
5.55,... 
5.08  ... 
4.52... 
4.611. 
3.62 

5.04' 

5.271 W.J.  Craw. 

5.27, ' 

4.27 ' 

4.52' 

3.99  BF  2.03S111iman.Jr. 

6.14| W.J.  Craw. 

.50 Hartshorne 


trace 


It  was  suspected  by  us,  at  the  time  the  species  was  made,  that 
it  might  prove  identical  with  margarite ;  but  not  having  the  latter 
mineral  at  hand,  we  had  to  proceed  on  the  known  analyses  of  it, 
which  we  here  give.  The  first  is  by  Dumeril ;  the  second  by  the 
Oottingen  Laboratory,  on  the  authority  of  Hausmaun: 


Si 

^1 

Fe 

Ca 

ISTa 

tt 

1, 

87.00 

40.60 

4.50 
*^e 

8.96 

1.24 
Mn 

1.00=93.20 
Me: 

2. 

38.50 

58.00 

0.42 

7.50 

0.03 

0.05=99.50 

These  analyses  differing  so  materially  from  those  of  emerylite, 
fully  justified  the  formation  of  the  species. 

As  soon  as  margarite  could  be  procured  it  was  subjected  to  anal- 
ysis, and  the  inaccuracy  of  former  analyses  proved ;  but  we  had 
not  at  that  time  sufficient  of  the  mineral  to  complete  the  investiga- 
tion as  desired.  In  the  mean  time  Hermannf  re-analyzed  it,  found 
a  different  composition  from  any  previous  one,  and  concurring  with 

*  Gomptes  Rendus  de  rAcademie  des  Sciences,  Oct.  28,  1850. 
t  J.  f.  pr.  Ghem.  liii,  1. 
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the  one  that  had  been  made  by  us,  as  well  as  with  those  more 
recently  made,  which  are  here  given : 

Si  Si  Pe        Ca        Mg        ^a  iS:  tl 

1.  28.47     60.24      1.66     11.60     0.70       1.87      trace      6.00=  99.26 

2.  28.64  61.66  12.25      0.68  2.01*  4.76=100.00 

These  correspond  to  the  formula  ft3  Si+33tl^  Si+8fl. 

Atoms.  At.  weight.  Percent.  Oxygen  ratio. 

Silica 4  2309.24  80  68                   4 

Alumina 6  3860.80  60.99                   6 

Lime 3  1064.60  13.96                   1 

Water 3  337.60                4,47                   1 

The  specimen  of  margarite  examined  was  received  from  Dr. 
Krantz,  of  Bonn,  and  came  from  Sterzing  in  the  Tyrol,  the  orig- 
inal locality. 

By  these  analyses  it  will  be  seen  that  margarite  and  emerylite 
are  identical,  and  the  former  name  having  priority  of  date  (al- 
though the  composition  of  the  mineral  was  not  made  out' until 
lately),  it  must  doubtless  replace  the  latter,  unless  its  geological 
appropriateness  can  sustain  it. 

2.   EUPHYLLITE. 

This  mineral  was  first  analyzed  by  Crooke,  but  the  analysis, 
having  been  made  by  a  fusion  with  carbonate  of  baryta,  was  found 
to  be  incorrect.  It  was  re-analyzed  by  Erni  and  Garrett.f  Dr. 
Erni's  analyses  gave  the  formula  ft^  gi-f-nR  Si+3l&.  Garrett  found 
no  water ;  his  analyses  give  the  same  formula  as  Erni's,  minus  the 
water. 

Our  results  differ  essentially  from  those  heretofore  obtained,  as 
is  seen  by  the  following  analyses  : 

12                       3  4 

Silica : 40.29  39.64  40,21  40.96 

Alumina^ 43.00  42.40  41.60  41.40 

Peroxide  of  iron 1.30  1.60              1.60  1.30 

Lime 1.01  1.00              1.88  1.11 

Magnesia 62  .70                .78  .70 

Soda 3.94  8.94              3.26  3.26 

Potash 6.16  6.16              4.26  4.26 

Water 6.00  6.08              6.91  6.23 

100.82  99.62  99.29  99.21 

*  By  the  difference. 

t  Amer.  Jour.  Science  and  Arts,  2d  series,  viii,  382;  Dana^s  Mineralogy, 
3d  ed.,  p.  362. 
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No.  1  was  from  a  specimen  of  our  own  collection.  No.  2  was 
from  the  original  specimen  in  Prof.  Silliman's  cabinet.  Nos.  3  and 
4  were  specimens  received  from  Messrs.  Williams  and  Jeffries,  of 
Westchester,  Pa.  Specific  gravity  Nos.  1  and  2,  2.83.  The  anal- 
7868  give  the  formula  ft  Si-f  fi^  gi»-j_2fl:. 

Atoms.  At  weight.  Per  cent  Oxygen  ratio. 

Silica 8  1781.93  89.63                9 

Alumina 3  1925.40  44.06                9 

Soda i  193.60  4.43  \             j 


4.431 
6.74  i 


Potash J  894.42  6.^ 

Water 2  226.00  5.16  2 

This  mineral  in  its  most  beautiful  form  is  of  rare  occurrence 
(analyses  1  and  2  are  of  this  variety) ;  there  is,  however,  another 
variety,  not  differing  essentially  in  physical  characters  or  in  chem- 
ical composition,  which  is  found  in  considerable  abundance  at  the 
locality. 

In  all  probability  the  mineral  alluded  to  as  Muscovite  (?)  in 
the  memoir  on  the  minerals  associated  with  emery*  is  this  min- 
eral ;  and  when  we  are  able  to  get  at  certain  specimens  from  Asia 
Minor,  containing  this  mica  in  a  pure  state,  this  point  will  be  in- 
vestigated. It  is  of  much  interest  toward  tracing  out  its  geolog- 
ical connection  with  corundum  formations  widely  separated,  in 
which  respect  it  may  resemble  emerylite. 

3.  Mica  ^rom  Litchfiei.d,  Conn. 

This  mineral  is  associated  with  the  kyanite  of  Litchfield.  In 
general  appearance  it  resembles  margarodite.  Hardness  =  3.35 ; 
specific  gravity  2.76;  almost  colorless,  having  a  faint  tinge  of 
green;  transparent;  luster  pearly.  The  results  of  two  analyses 
gave 

Si  XI         Pe       Sig       Oa         An        jja        fe  Fl         fi 

1.      44.60      86.23      1.84      0.37      0.50      trace      4.10      6.20     trace      6.26 


2.      44.60  87.10         undet.  undet 4.00      6.90       ....      6.16 

These  correspond  very  closely  with  Liebnerite,  as  well  as  with 
Damourite  and  some  analyses  of  margarodite.  Annexed  are  the 
analyses  for  comparison . 

*  Amer.  Jour.  Science  and  Arts,  2d  series,  xi,  p.  62. 
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Si        £1        ^e       An      %      £:        ffa      £[ 
Liebnerite  . .    44.66    86.51     1.76     ....     1.40    9.90    0.92    4.49  Marignac. 

Damourite..    46.22    87.87    trace    11.20    6.26  Deleese. 

Margarodite.    46.28    88.08    8.48   trace    2.10    8.87     1.46    4.12  Delesse. 

The  silica  and  peroxides'*'  in  these  analyses  are  identical ;  but 
in  common  with  many  of  the  micas,  it  is  extremely  difficult  to 
deduce  any  one  formula  that  would  be  a  correct  expression  of  their 
chemical  constitution,  owing  to  slight  differences  in  the  protoxides. 
This  is  rendered  more  obvious  by  comparing  their  oxygen  ratios. 

ti     fi       Si 

1.  Litchfield  mica 1 :  7.22 :    9.40 

2.  Liebnerite 1 :  6.88 :    9.48 

3.  Damourite 1 :  9.85 :  12.00 

4.  Margarodite 1:6.16:    8.95 

The  striking  similarity  of  these  species  would  lead  us  to  suspect 
that  if  new  analyses  were  made  of  specimens  from  the  original 
localities  they  might  prove  identical.  In  all  physical  characters 
except  structure  there  is  a  complete  correspondence. 

4.  Unionite  Identical  with  Oligoclase. 

This  mineral  was  described  by  Prof.  Silliman,  jr.,  in  the  Amer. 
Jour.  Science  and  Arts,  2d  series,  viii,  384.  The  following  are  its 
characters :  In  general  appearance  it  resembles  a  soda  spodumene ; 
it  has  a  very  distinct  cleavage  in  one  direction ;  luster  vitreous ; 
color  white;  hardness  6;  specific  gravity  2.61.  It  is  found  with 
euphyllite  at  the  corundum  locality  near  Unionville,  Pa.  The 
results  of  three  analyses  are  as  follows : 

§i         atl  3Pe  Ca  Mg       ]?fa        ^  ign 

1.  64.09  21.45  trace  0.86  0.69  10.94     1.36  1.02=100.41 

2.  64.45  20.97  trace  0.77  0.46  10.94     1.36  1.14=100.09 
8 21.70  tra<?e  0.85  0.49  1.02 

The  third  analysis,  owing  to  an  accident,  is  incomplete ;  the 
constituents  determined  are  given  for  comparison.  The  oxygen 
ratio  of  these  analyses  is  very  nearly  1:3:9,  which  gives  the 
formula  ft  j§i-f-3tlBi^.  This  is  the  formula  of  oligoclase;  the  analy- 
ses correspond  with  that  species,  and  the  physical  characters  being 
the  same,  there  can  be  no  doubt  as  to  the  identity  of  unionite  and 
oligoclase. 

♦Considering  the  iron  in  Liebnerite  as  peroxide. 
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It  is  believed  that  this  is  the  first  time  that  oligoclase  has  been 
observed  in  the  United  States. 

5.     K^EROLTTE    OF    UnIONVILLE,    PA.,    A   HyDRA^TED    SiLICATE    OF 

Alumina. 

Associated  with  euphyllite  and  unionite  there  occurs  a  peculiar 
amorphous  mineral  wltich  has  been  circulated  among  some  of  our 
American  mineralogists  under  the  name  of  kerolite.  In  our  exam- 
inations of  the  minerals  from  this  locality  we  thought  it  of  suf- 
ficient importance  to  ascertain  its  chemical  composition. 

In  physical  characters  it  resembles  kerolite;  hardness  2.25; 
specific  gravity  2.22;  color  yellowish- whi te ;  brittle;  crumbles  to 
pieces  when  thrown  in  water.     Analysis  gave 

Si  £1  Mg  Mn         l^fa&lS:  1^ 

44.50  25.00  7.75  trace  trace  22.39=99.64 

Of  the  water  1.04  per  cent  was  lost  by  twenty-four  hours  desic- 
cation over  sulphuric  acid,  8.51  per  cent  by  heating  to  212^,  and 
the  remainder  at  a  red  heat. 

In  chemical  composition  it  is  near  halhysite.  It  is  an  imper- 
fectly formed  mineral,  and  consequently  is  not  homogeneous;  it 
passes  into  euphyllite  and  feldspar. 

6.  BowENiTE  Identical  with  Serpentine. 

This  mineral  occurs  at  Smithfield,  R.  I.,  and  was  described  by 
Bowen*  as  a  variety  of  nephrite.     His  analysis  gave 

Si  ftg  Oa  Fe  £1  Mn  1^ 

44.69         84.63         4.25         1.75         0.56         trace         18.42 

This  composition  differed  so  much  from  nephrite,  and  corre- 
sponded so  closely  to  the  formula  2(MgCa)'5i-f-8tJ,  that  Prof.  Dana 
felt  himself  justified  in  noticing  it  as  a  distinct  species. f 

The  following  are  the  physical  characters  of  the  mineral: 
Hardness  5  (it  will  scratch  glass  if  rubbed  with  a  little  force 
against  its  surface ;  it  first  gives  way  but  ultimately  scratches  the 
glaBs);  specific  gravity  2.57;  color,  in  large  masses,  bright  apple- 
green;  highly  translucent;  structure  granular,  and  exceedingly 
tough.     We  give  analyses  of  three  specimens.     No  1  was  from  the 

*Amer.  Jour.  Science  and  Arts,  Ist  series,  vi,  846. 
tDana's  Mineralogy,  8d  edition,  p.  265. 
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cabinet  of  Prof.  Silliman,  jr.;  No.  2  from  the  mineralogical  collec- 
tion of  Harvard  University,  received  from  Prof.  Cook ;  No.  3  from 
the  Lederer  collection  in  Yale  College. 

Si  XI            Mg  te            Ca  fi 

1.  42.20  trace  42.50  1.66  trace  13.28=99.54 

2.  42.60  trace  43.15  0.95  ....  12.84=99.60 

3.  42.10  trace  41.23  1.11  1.90  12.77=99.11 

These  analyses  give  the  oxygen  ratio  4:3:2,  and  the  formula 
2iig^  Si^-fSMg  fl^  which  calculated  is 

Si  Mg  tL 

43.6  43.8  12.7 

This  is  the  composition  and  formula  of  serpentine,  and  the  fact 
of  its  identity  with  that  species  is  also  borne  out  by  its  physical 
characters. 

The  large  amount  of  lime  obtained  by  Bowen  was  doubtless 
due  to  the  limestone  and  tremolite  with  which  it  is  often  very  inti- 
mately associated.  Much  care  is  required  to  separate  these  sub- 
stances entirely  from  the  Bowenite,  but  the  mineral  so  purified 
contains  no  lime. 

7.  WiLLiAMSiTE  Identical  with  Serpentine. 

We  notice  that  this  species  is  considered  distinct  by  Professor 
Shepard  in  the  last  edition  of  his  mineralogy,  notwithstanding  it 
has  been  shown  to  be  serpentine  by  Hermann,*  and  previously 
from  an  analysis  made  by  one  of  us,  published  in  Dana's  Mineral- 
ogy, page  692.  In  this  analysis  referred  to,  3.35  per  cent  of  alu- 
mina and  iron  were  obtained.  We  have  since  examined  the  rela- 
tive proportions  of  these  substances,  and  find  that  the  amount  was 
due  to  iron  with  but  a  trace  of  alumina.  Two  analyses  made  from 
very  pure  specimens  gave 


Si 

^1 

Mg 

Fc 

Ni 

It 

1. 

41.60 

trace 

41.11 

3.24 

0.50 

12.70=99.15 

2. 

42.60 

trace 

41.90 

1.62 

0.40 

12.70=99.22 

It  is  evident  from  these  analyses  that  the  mineral  is  identical 
with  serpentine,  and  affords  the  same  formula  as  the  mineral  last 
mentioned.  It  may  be  well  to  remark  that  great  care  was  taken 
to  see  that  no  magnesia  accompanied  the  oxide  of  iron  in  its  pre- 
cipitation by  ammonia ;  not  satisfied  with  adding  an  excess  of  sal 


*J.  f.  pr.  Chem.,  liii,  31.^ 


Digitized  by 


Google 


RE-EXAMJNATION   OF  AMERICAN   MINERALS.  143 

ammoniac  to  the  solution  before  the  addition  of  the  ammonia,  we 
redissolved  the  precipitate,  added  sal  ammoniac,  and  reprecipitated 
the  oxide  of  iron ;  this  was  done  even  a  third  time  before  the  last 
traces  of  magnesia  were  got  rid  of,  or  that  we  were  sure  that  the 
amount  of  iron  would  not  be  increased  by  containing  magnesia — 
a  circumstance  in  which  sufficient  precaution  is  not  always  used. 
What  is  here  said  of  oxide  of  iron  is  equally  true  of  alumina. 

8.  Lancastertte  a  Mechanical  Mixture  of  Brucite  and 
Hydro-magnesite. 

While  on  a  mineralogical  excursion  to  the  localities  near  Texas, 
Pa.,  a  few  .months  since,  in  company  with  Mr.  W.  W.  Jeffries,  we 
observed  at  Wood's  Mine  a  peculiar  magnesian  mineral,  somewhat 
resembling  lancasterite ;  a  chemical  examination  showed  it  to  be 
hydro-magnesite.  The  composition  of  it,  as  well  as  its  strong  resem- 
blance to  some  s|)ecimens  of  lancasterite,  led  to  a  re-examination 
of  the  latter  species. 

Lancasterite  is  described  as  occurring  **  foliated  like  brucite,*' 
but  sometimes  in  crystals  '*  resembling  somewhat  stilbite  or  gyp- 
sum." As  we  desired  to  see  whether  these  forms  were  identical  in 
chemical  composition,  a  portion  of  the  foliated  mineral  was  care- 
fully selected  and  the  amount  of  carbonic  acid  determined.  It  was 
but  a  trace;  the  magnesia  and  water  being  estimated  gave  the 
same  amount  as  is  found  in  brucite ;  there  was  also  a  trace  of  man- 
ganese and  iron. 

Some  of  the  small  crystals  "resembling  stilbite  or  gypsum" 
were  then  examined ;  analysis  showed  them  to  have  the  same  com- 
position as  the  hydro-magnesite  of  Kobell. 

These  results  go  to  prove  that  lancasterite  is  not  a  distinct 
species,  but  a  mechanical  mixture  of  brucite  and  hydro-magnesite. 
In  Dr.  Erni's  analyses  of  this  mineral  (made  in  the  Yale  Labora- 
tory) we  are  aware  he  found  great  difficulty  in  obtaining  a  con- 
stant composition,  and  it  was  only  after  a  series  of  analyses  that 
he  obtained  any  concordant  results.  The  specimens  he  examined 
were  both  crystallized  and  foliated,  the  folia  in  some  cases  over- 
lying the  crystalline  portion.  With  this  explanation  the  composi- 
tion he  obtained  is  easily  understood. 

The  following  are  the  results  of  our  analyses.  Nos.  1  and  2 
were  foliated ;  Nos.  3  and  4  were  of  the  radiated  variety : 
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12  3  4 

Magnesia 66.80  66.26  42.30  44.00 

Protoxide  of  iron 50 1  ^  ^^  . 

Protoxide  of  manganese,     trace  /  ^'^  *^^®  *"*<^® 

Carbonic  acid 1.27  trace  36.74  36.60 

Water 31.93  82.75  20.96  19.40 

«^ 
Direct  determination  of  water 20.10 

The  foliated  variety  gives  the  exact  composition  of  brucite.  In 
two  determinations  of  loss  by  heat  the  numbers  34.30  and  35.67 
were  obtained.  Great  difficulty  was  found  in  obtaining  the  brucite 
perfectly  pure,  owing  to  its  intimate  association  with  the  hydro- 
magnesite. 

The  radiated  variety  (as  before  stated)  gives  the  composition 
of  hydro- magnesite,  and  to  show  that  the  original  analyses  were 
made  from  a  mixture  of  these  minerals  we  give  Dr.  Erni's  results  * 
for  comparison : 

^g  fe  C  a  Total. 

60.01  1.01  27.07  21.60  99.69 

50.72  .96  26.85  21.47  100.00 

9.  Hydro-magnesite  found  Crystallized. 

The  hydro-magnesite  above  mentioned  is  extremely  beautiful, 
and  in  appearance  resembles  very  much  the  thomsonite  from  Kilpat- 
rick  in  Scotland.  Its  structure  is  highly  crystalline,  and  in  some 
instances  forms  distinct  crystals,  which  have  been  considered  as 
monoclinic  (?)  (Dana) ;  the  diagonal  cleavage  is  very  distinct;  hard- 
ness 3-3.5  (scratching  calcite  with  ease);  specific  gravity  2.145— 
2.18.  It  occurs  at  Wood's  Mine,  Texas,  Lancaster  County,  Pa.,  in 
seams  which  are  sometimes  half  an  inch  in  thickness,  and  at  Low's 
Mine  in  veins  generally  from  one  tenth  to  one  fifth  of  an  inch 
wide,  having  a  beautifully  radiated  structure.  The  results  of  two 
analyses  of  a  specimen  from  Wood's  Mine  are  as  follows : 

1  2 

Maenesia 43.20  42.51 

Carbonic  acid 36.69  35.70 

Water 20.11  21.79 

Iron  and  manganese trace  trace 

A  direct  determination  of  the  water  gave  19.83  per  cent. 
These  analyses  give  the  oxygen  ratio  2:3:2,  and  the  formula 
8(Mg  C-f.fl)-|-Mg  tt,  which  calculated  gives 

*  From  Dana's  Mineralogy,  p.  213. 
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Mg  C  It 

44.68  86.86  19.46 

The  composition  and  formula  are  the  same  as  obtained  by  Ko- 
bell  and  Wachtmeister  for  hydro-magnesite  from  Negroponte  and 
Hoboken.  We  are  not  aware  that  this  species  has  heretofore  been 
observed  with  a  crystalline  structure. 

10.  Supposed  Magnesite  of  Hoboken  shown  to  be  Aragonite. 

In  connection  with  the  foregoing  investigations  it  was  thought 
that  an  examination  of  some  of  the  anhydrous  carbonates  of  mag- 
nesia might  l)e  interesting.  For  this  purpose  a  specimen  of  mag- 
nesite from  Holwken,  N.  J.,  was  submitted  to  analysis  (the  variety 
referred  to  is  that  which  occupies  seams  and  cavities  in  tlie  Hobo- 
ken serpentine,  having  an  aggregated  fibrous  structure,  and  not 
unfrequently  occurring  in  delicate  needle  crystals).  A  careful 
(|Ualitative  examination  of  the  needle  crystals  showed  them  to  be 
carbonate  of  lime,  with  scarcely  a  trace  of  magnesia ;  they  have 
the  form  of  aragonite.  Specimens  from  Staten  Island  and  the 
vicinity  of  Westchester,  Pa.,  were  examined,  with  like  results.  The 
crystals  from  the  serpentine  quarry  near  Westchester  are  frequently 
transparent,  and  are  among  the  most  beautiful  specimens  of  crys- 
tallized aragonite  that  have  been  observed  in  this  country. 

11.  Chesterlite  Identical  with  Orthoclase. 

This  mineral  occurs  in  implanted  crystals  upon  dolomite  near 
East  Bristol,  Chester  County,  Pa.  In  physical  characters  it  resem- 
bles orthoclase,  but  it  has  been  considered  triclinic,  and  Erni's 
analysis*  gave  soda  as  the  alkali.  The  crystals  occur  frequently 
as  twins,  and  are  often  very  much  distorted — in  specimens  we  have 
examined  the  angle  T  on  T  varies  from  121°  to  127° — rendering 
it  extremely  difficult  to  determine  the  normal  value  of  the  angle ; 
some  of  the  measurements  would,  however,  lead  to  the  conclusion 
that  it  is  monoclinic,  since  the  angle  of  cleavage  is  by  our  meas- 
urements near  90°.  So  far  as  our  opinion  is  concerned — based  on 
lx)th  its  chemical  and  physical  character — we  unhesitatingly  pro- 
nounce it  an  orthoclase.     Two  analyses  gave 

*  Dana's  Mineralot^y,  3d  ed.,  p.  678. 
10 
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1  2 

Silica 64.76  66.17 

Alumina 17.60  17.70 

Peroxide  of  iron .60  .60 

Lime 65  .66 

Magnesia 30  .26 

Potash 14.18  13.86 

Soda 1.76  1.64 

Ignition 66  .66 

100.39  100.33 

These  correspond  to  the  composition  of  orthoclase,  and  chem- 
ically the  mineral  is  identical  with  it ;  if  it  shall  be  proven  that 
the  crystalline  form  is  triclinic  it  will  be  a  potash  albite,  and  as 
such  an  interesting  species. 

The  specimens  examined  were  received  from  Messrs.  T.  F.  Seal 
and  William  S.  Vaux,  of  Philadelphia. 

12.  LoxocLASE  Identical  with  Orthoclase. 

The  feldspar,  associated  with  pyroxene  at  Hammond,  N.  Y., 
has  been  named  aa  a  distinct  species  by  Breithaupt.*  Its  crystal- 
line form,  hardness,  specific  gravity,  and  other  physical  characters 
are  the  same  as  orthoclase,  and  the  reasons  for  forming  a  new  spe- 
cies of  it  are  based  upon  its  cleavage  and  chemical  constitution. 
The  latter  Plattner  found  to  be 

Si  XI  Pe  Oa  Mg  Na  it  tl 

•  63.60        20.29        0.67        3.22        trace        8.76        3.03         1.23=100.70 

We  have  examined  two  varieties  of  it.  Analyses  1  and  2  are 
from  specimens  taken  from  a  large  crystal,  and  were  not  perfectly 
pure,  owing  to  intimate  association  with  a  lime  pyroxene ;  analyses 
3  and  4  are  from  a  very  pure  crystal. 

12  3  4 

Silica 66.40  66.69  66.09            66.31 

Alumina 19.48 )  o^  7»)  iq  ir  J  1^.28 

Peroxitleofiron....       1.26/  ^"'^"^  ^^'^^  \     .67 

Lime 2.26  2.36                .94              1.09 

Magnesia 20  .26                .21                .80 

Potash 2.76  2.36              4.36              4.86 

Soda 7.23  7.98              7.81              7.81 

•  Ignition 76  .76                .20                .20 

99.34  100.12  98.76  98.96 


*  Pogg.  Ann.,  Ixvii,  419, 
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It  will  be  seen  at  a  glance  that  the  only  difference  between  this 
mineral  and  orthoclase  is  the  large  amount  of  soda,  and  in  analyses 
1  and  2  a  small  amount  of  lime,  this  last,  most  of  which  is  doubt- 
less an  impurity,  alters  somewhat  the  oxygen  rates. 

No.  1  gives 1 :  3.10 :  11 

No,  2      "      1:3:1060 

No.  3      "      1:2.90:11.08 

No.  4  ,  ••      1  :  2.74  :  10.83 

This  slight  difference  in  the  ratio  (produced  by  the  presence  of 
a  considerable  amount  of  soda)  is  not  uncommon  in  orthoclase.  In 
that  from  Hohenhagen,  Schnederraann  found  4.15  potash  and  7.53 
soda;  the  flesh-red  feldspar  from  Bathurst,  Canada,  gave  Hunt 
6.36  potash,  5.37  soda;  and  Gmelin  found  in  the  feldspar  from 
Laurvig  6.55  potash  and  6.14  soda,  and  in  that  from  Fredicks- 
vam  7.03  potash  and  7.08  soda.  These  numbers  affect  to  some 
slight  extent  the  oxygen  ratio,  but  the  correspondence  of  the  min- 
erals in  physical  characters  denotes  their  identity  with  orthoclase. 
Moreover,  the  identity  of  loxoclase  with  orthoclase  is  made  obvious 
when  we  take  the  ratio  between  the  silica  and  alumina,  which  in 
the  purer  varieties  (analyses  3  and  4)  is  as  4:1,  and  analysis  4 
gives  the  ratio  12  :  3.04  :  1.11,  or  fisi+fisi3. 

The  specimens  examined  were  received  from  Prof.  Silliman,  jr., 
and  Mr.  Samuel  W.  Johnson.  . 

13.  Danbury  Feldspars  :  1.  Ougoclase  ;  2.  Orthoclase. 

1.  Oligodase, — The  feldspar  in  which  the  danburite  occurs  has 
so  strong  a  resemblance  to  the  oligoclase  from  Sweden  that  we 
have  been  led  to  analyze  it ;  the  results  of  our  examination  prove 
its  identity  with  that  species.    The  analyses  gave 

1  2 

Silica 64.08  68.60 

Alumina 22.87  22.76 

Peroxide  of  iron trace  trace 

Lime. . . 2.91  8.28 

Magnesia trace  trace 

Soda 10.06  9.87 

Potash 60  .60 

Ignition 80  .21 

100.27  99.61 

These  give  the  oxygen  ratio  1:8:9  and  the  formula  fi  Si+Xl  Si^  which 
are  the  ratio  and  formula  for  oligoclase. 
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2.  Ortiwclase. — There  is  also  associated  with  danburite  a  potash 
feldspar  not  unlike  the  soda  feldspar  just  mentioned ;  in  some  cases 
it  is  so  intimately  associated  with  it  as  to  require  great  care  in 
selecting  for  analysis.  So  far  as  our  observation  extends,  we  have 
been  able  to  identify  the  oligoclase  by  its  occurrence  in  masses  with 
a  broad  cleavage  surface,  and  another  less  smooth,  meeting  at  the 
angle  93°-94°;  in  orthoclase  this  angle  is  90°,  and  most  frequently 
it  presents  at  this  locality  small  cleavage  faces,  and  is  fronietimes 
of  a  granular  structure. 

The  following  analyses  are  of  the  latter  variety,  which  doubt- 
less contain  a  little  oligoclase  that  it  is  im])ossible  to  separate : 

1  2 

Silica G3.80  (i^.Oo 

Alumina 18.00  lO.Oo 

Lime • 80  .61 

Magiu'sisi 20  :J0 

Potash  11.43  10.95 

S<»da • 3.8f)  3.69 

lirnitloii 30  .50 

99.29  98.95 

The  specimens  examined  were  taken  from  the  locality  by  one 
of  the  authors. 

14.  Haddam  Albite  Identical  with  Oligoclase. 

Associated  with  the  iolite  at  Haddam,  Conn.,  there  occurs  a 
gl&ssy  feldspar  which  has  heretofore,  been  called  albite.  Its  com- 
position is  that  of  an  oligoclase,  as  will  be  seen  by  the  following 
analysis : 

1  2 

Silica 63.87  64.64 

Ahuiiina   21.82  21.98 

Linie 2.14  2.17 

Magnesia trace  trace 

Soda 10.18  9.80 

Potash 50  .50 

Ignition 29  .29 

98.80  99.38 

The  specimens  examined  were  received  from  Prof.  Dana. 
We  have  examined  the  moonstone  feldspar y  from  Mineral  Hill, 
Delaware  County,  Pa.,  which  is  also  oligoclase. 
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15.  Greenwood  Mica — Biotite. 

The  chemical  constitution  of  only  a  very  few  American  biotites 
has  been  examined.  In  fact,  von  Kobell's*  analysis  of  a  mica 
from  Monroe,  N.  Y.,  is  the  only  one  that  has  been  published;  un- 
fortunately, even  in  regard  to  this  there  is  some  doubt  as  to  iU 
locality,  for  biotite  is  found  in  more  than  one  place  near  Monroe. 

The  specimens  we  have  examined  are  from  Greenwood  Fur- 
nace, Monroe,  N.  Y. ;  the  mineral  occurs  in  large  crystals  of  a 
dark  olive-green  color,  and  the  results  of  the  analyses  are  such 
as  to  lead  to  the  supposition  that  the  specimens  examined  by  von 
Kobell  were  from  this  locality.     He  obtained 

§i  3tl  ¥o  %  fi:  HF  Ti  A 

40.00        16.16        7.50        21.54         10.83        0.53        0.20        8.00=99.76 

The  results  of  our  analyses  are 

1  2 

Silica 89.88  39.51 

Alumina 14.99  16.11 

Peroxide  of  iron :       7.68  7.99 

Magnesia 23.69  23.40 

Potash 9.in  irton 

Soda I.I2I  1^-20 

Water 1.30  1.36 

Fluorine 96  .95 

Chlorine 44  .44 

99.16  98.96 

These  give  the  oxygen  ratio 

ft       fi       Si 

1 11.31 :  9.81 :  20.72 

2. 11.20:9.46:20.63 

or  very  nearly  1:1:2,  which  corresponds  to  the  formula  ll3  Si-hfiSi. 
A  small  portion  of  the  oxygen  in  the  mineral  is  replaced  by  fluo- 
rine and  chlorine. 

The  specimens  examined  were  received  from  Messrs.  Jenkins 
&  Horton,  of  Monroe,  N.Y. 

J6.  Biotite  of  Putnam  County,  N.  Y. 

In  appearance  this  mineral  resembles  talc,  having  a  wavy,  lam- 
ellar structure  and  a  soapy  feel.  Its  color  is  brownish-green  in 
mass,  and  pale  yellowish-green  by  transmitted  light.     Hardness 

*  J.  f.  pr.  Chem.,  xxxvi,  809,  and  Dana's  Mineralogy,  3d  ed.,  p.  360. 


Digitized  by 


Google 


150  RE-EXAMINATION  OF  AMERICAN   MINERALS. 

2-2.5;  specific  gravity  2.80.  The  laminsB  are  entirely  devoid  ot 
elasticity.  It  has  been  called  pyrophyllite  by  some  mineral  col- 
lectors, but  upon  what  grounds  we  are  ignorant,  as  it  does  not 
possess  the  remarkable  property  of  exfoliating  and  swelling  up  by 
heat,  so  peculiar  to  pyrophyllite.  Analysis  shows  its  composition 
to  be  identical  with  biotite. 

1  2 

Silicft 39.62  39.49 

Alumina 17.35  17.06 

Peroxide  of  iron 5.40  6.*21 

Magnesia 28.85  23.66 

Potash 8.96  

Soda 1.01 

Water 1.41 

Fluorine 1.20  

Chlorine 27 

99.06    . 

Analysis  1  gives  oxygen  ratio  ft  11.22  :  fi  9.73 :  §i  20.68,  or  1 : 1 : 2 ; 
and  the  same  formula  as  for  the  mineral  last  mentioned,  ft3gi_}-Sgi. 

The  specimens  examined  were  received  from  Mr.  Silas  R.  Hor- 
ton,  of  Craigville,  New  York. 

17.  Margarodite. 

This  mineral  occurs  at  Lane's  Mine,  Monroe,  Conn.  It  has 
been  analyzed  by  W.  H.  Brewer,*  but  owing  to  some  impurities  in 
his  specimens  he  obtained  an  excess  of  silica. 

Specimens  very  carefully  selected  to  avoid  the  fluor-spar  and 
other  minerals  with  which  it  is  associated,  gave 

1  2 

Silica 46.60  46.70 

Alumina 83.91  88.76 

Peroxide  of  iron 2.69  3.11 

Magnesia 90  1.16 

Potash  7.32  7.49 

Soda 2.70  2.86 

Water 4.63  4.90 

Plourine 82  .82 

Chlorim' 31  .31 

99.78  100.09 


» Dana's  Mineralogy,  third  edition,  p.  369. 
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Theae  correspond  to  the  analysis  of  margarodite  from  St.  Etienne, 
in  which  Delesse  found 

§i  Si  9e        Mg        5fa         ft  fi  Fl 

46.23       33.O8       3.48       2.10       1.46       8.87       4.12       trace=99.33 

In  a  former  paper  we  have  mentioned  the  difficulty  of  obtain- 
ing a  correct  formula  from  the  analyses  of  margarodite,  owing  to 
slight  differences  in  the  protoxides.  The  relation  of  the  oxygen  of 
the  silica  to  that  of  peroxides  in  most  of  the  analyses  is  as  3  :  2. 

The  specimens  examined  were  received  from  Professor  Silli- 
man,  jr. 

18.  The  Chesterlite  Talc— a  Mica. 

Associated  with  the  chesterlite  a  micaceous  mineral  is  found 
which  has  been  called  talc.  It  occurs  in  implanted  crystals  in 
minute  tuft-like  aggregations  on  dolomite ;  there  is  frequently  an 
iron  stain  upon  the  surface,  due  to  the  decomposition  of  some  of 
the  minerals  with  which  it  is  associated;  the  crystals  are  seldom 
over  a  line  in  diameter.  Its  chemical  composition  is  that  of  a 
mica;  but  owing  to  the  small  amount  examined  it  is  impossible 
to  say  positively  whether  it  be  muscovite  or  margarodite,  although 
from  its  association  we  are  inclined  to  consider  it  muscovite. 

Silica 46.50 

Alumina 34.65 

Peroxide  of  iron trace 

Lime 2.81 

Magnesia  1.08 

Potash 8.10 

Soda 2.36 

Water  and  carbonic  acid 6.40 

99.29 

A  large  portion  of  the  lime  and  magnesia  is  doubtless  due 
to  the  dolomite  with  which  it  is  associated.  The  specimen  was 
received  from  Mr.  Thomas  F.  Seal. 

19.  Rhodophyllite  Identical  with  Rhodochrome. 

The  violet-colored  mineral  which  occurs  at  Texas,  Pa. ,  and  was 
circulated  among  mineralogists  as  **  violet  talc,"  has  been  analyzed 
by  Dr.  Genth,*  of  Philadelphia,  who  found  for  it  a  distinct  com- 

♦Proc.  Acad.  Nat.  Sci.,  Phil  vi,  122. 
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position,  and  gave  it  the  above  name.  Its  physical  characters 
correspond  with  rhodochrome  and  kammererite,  but  as  there  had 
been  no  analysis  published  of  the  first,  and  as  Dr.  Genth's  results 
did  not  agree  with  those  obtained  for  kammererite,  he  doubtless 
felt  himself  justified  in  considering  it  a  new  species.  '  A  short  time 
after  his  results  appeared  an  analysis  of  rhodochrome  was  published 
by  Hermann ;  its  identity  with  those  of  rhodophyllite  induced  us 
to  re-examine  the  latter.     The  results  on  two  analyses  are  : 

1  2 

Silica 38.26  83.30 

Alumina 10.09  10.50 

Sesqiiioxide  of  chromium 4.78  4.67 

Peroxide  of  iron 1.96  1.60 

Magnesia 35.93  36.08 

Soda  and  potash 35  .35 

Water 12.64  13.25 

99.61  99.75 

These  will  be  seen  to  correspond  with  the  analyses  (1,  2)  of 
rhodophyllite  by  Dr.  Genth,  and  the  analysis  of  rhodochrome  (3) 
and  chrome-chlorite  (4)  by  Hermann. 

*Si        XI      Pe      <^r       >ri        Mg       Oa    Li  Na     ^        ti 

1.  Texas,  Pa.  33.41  18.15  trace  35.86  trace    0.28    0.10  12.79 

2.  Texai«.  Pa.  82.98  11.11  1.43  6.85  trace  35.22  trace    0.28     0.10  13.12 

3.  L.Itkul..   34.64  10.50  2.00  5.50  ....  35.47     12.03 

4  Texa^,  Pa.  31.82  15.10  4.06  0.90  0.26  35.24      12.76 

Our  analyses  give  the  formula  4ft3gi^i|2si-f  lOH. 

Dr.  Genth  gives  the  same  formula  minus  one  atom  of  water. 
The  amount  of  oxide  of  chromium  varies  in  different  specimens, 
and  to  this  is  due  the  various  shades  of  color.  Dr.  Genth  informs 
us  that  he  observed  a  like  variation  in  the  specimens  he  examined. 
The  chrome-chlorite  examined  by  Hermann  was  undoubtedly  one 
of  the  light-colored  varieties. 

Nickel  as  well  as  lime  is  found  in  some  specimens,  but  both  are 
impurities.  The  nickel  is  due  to  small  particles  of  sulphuret  of 
nickel  which  occur  at  the  same  locality  and,  in  many  instances,  are 
disseminated  through  this  mineral ;  in  some  specimens  these  impu- 
rities are  not  readily  detected  by  the  eye.  In  all  probability  the 
carbonate  and  silicates  of  nickel  found  on  the  Texas  chrome  iron 
proceed  from  the  decomposition  of  this  sulphuret. 
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Mr.  T.  H.  Garrett*  has  recently  given  an  analysis  of  this 
mineral.     His  results  differ  materially  from  those  obtained  above. 

20.    CUMMINGTONITE  A   HORNBLENDE. 

This  mineral  \yas  described  by  Dewey, f  and  analyzed  by  Muir.J 
The  latter  obtained  for  its  composition 

Si  Fe  An  ]S'a  t[ 

r>6.r>4  -21.07  7.80  8.44  3.18=97.63 

Authentic  specimens  for  examination  were  procured  from  the 
Lederer  collection  in  Yale  College.  Its  structure  is  fibrous,  resem- 
bling anthophyllite ;  luster  silky ;  color  ash-gray.  It  occurs  in 
mica-slate  at  Cummington,  Ma^.     Two  analyses  gave 

1  2 

Silica 61.09  60.74 

Alumina 95  .89 

Protoxide  nf  iron 32.07  88.14 

Magnesia 10.29  10.31 

Manganese l.oO  1.77 

Lime trace  trace 

Soda .75  .64 

Potash trace  

Water 8.04  3.04 

99.69  100.43 

These  give  the  formula(FeMg)4Si3=rR3*si2  4-RSi. 

Atoms.  At.  weight.  Per  cent.  Oxygen  ratio. 

Silica 3  1731.93            68.69               3 

Protoxide  of  iron 2 J  1125.00            84.80  \           . , 

Magnesia li  876.00            11.61  j            ^* 

This  is  the  chemical  constitution  of  hornblende,  and  from  its 
physical  characters  it  was  long  since  referred  to  this  species. 

21.  Hydrous  Anthophyllite  an  Asbebtus. 

Thomson  gave  this  name  to  an  asbestiform  mineral  which  is 
found  associated  with  chlorite  on  New  York  Island.  §  His  analysis 
gives 

Si  Mg  Fe  Mn  i^  *1  tt 

54.98        13.38         9.83         1.20         6.80     •    1.66        11.46=99.20 

•Araerioan  Jour,  of  Science  and  Arts,  May,  1853. 
tAmerioan  Jour,  of  Science  and  Arts,  1st  series,  viii,  59. 
JThomson's  Mineralogy,  i,  493. 
^Thomson's  Mineralogy,  i,  269. 
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We  have  received  undoubted  specimens  of  this  mineral  from 
Messrs.  Vaux,  of  Philadelphia,  and  Silas  R.  Horton,  of  New  York. 
The  asbestiform  mineral,  carefully  freed  from  the  chlorite  and 
other  impurities,  gave  on  two  analyses 

1  2 

Silica 68.20  68.47 

Magnesia 28.96  29.71 

Protoxide  of  iron 8.46  9.06 

Soda 88  .88 

Potash trace  trace 

Ignition 2.26  2.26 

Alumina trace  trace 

98.76  100.38 

These  correspond  to  the  formula  ft^'Si^  or  K3  Si'-ftlSi. 

Atoms.  At.  weight.  Per  cent.  OxygeM  ratio. 

Silica 8  1782.00  61.16            3 

Magnesia ". .     SJ  875.00  30.90  \         ,, 

Protoxide  of  iron .    ...       J  226.00  7.94/           ^ 

This  is  the  formula  given  for  the  last  mineral^  and  the  composi- 
tion is  that  of  an  asbestus  or  magnesian  hornblende. 

22.  MoNROLiTE  Identical  with  Kyanite. 

This  mineral  was  described  by  Profes-sor  Silliman,  jr.,*  as  a 
hydrous  silicate  of  alumina  resembling  woerthite.  Prof  Silliman 
observes  that  the  water  varied  in  several  specimens  examined  from 
3.09  to  1.84  per  cent ;  subsequent  examinivtionsf  made  by  one  of  us 
showed  that  the  water  in  the  pure  mineral  was  not  over  1  per  cent. 

In  the  analysis  recently  made  we  find  that  the  silica  and  alu- 
mina  are  the  same  as  in  kyanite,  and  that  the  high  silica  obtained 
by  the  analyst  quoted  was  undoubtedly  owing  to  the  impurity  of 
the  mineral,  as  a  careful  examination  with  the  magnifier  shows 
plates  of  quartz  interlaced  with  almost  every  specimen.  The 
results  of  analysis  on  spedmens  carefully  selected  to  avoid  the 
quartz  gave 

Silica 37.20  87.08 

Alumina 69.02 )  ai  on 

Peroxide  of  iron 2.08  )  ^^'^ 

Ignition 1.08  .86 

99.33  99.78 


These  correspond  to  the  formula  Xl^  Si 


r. 


•Amer.  Jour,  Science  and  Arts,  2d  series,  viii,  386. 
tDana's  Mineralogy,  third  edition,  p.  317. 
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23.    OZARKITE  AN   AMORPHOUS  ThOMSONITE. 

This  mineral  was  described  by  Prof.  Shepard  as  a  new  species.* 
It  occurs  in  irregular  veins  and  masses  in  elseolite  at  Magnet-cove, 
Arkansas. 

We  are  indebted  to  Mr.  Markoe,  of  Washington,  for  a  large 
quantity  of  the  elseolite,  from  which  we  were  able  to  obtain  the 
mineral  in  a  pure  state.  Its  color  is  white ;  structure  granular  to 
compact ;  hardness  5 ;  specific  gravity  2.24  (Shepard);  gelatinizes 
with  hydrochloric  acid.     Two  analyses  gave 

Silica 36.86  37"08 


Alumina 29.42  \ 

Peroxide  of  iron 1.65  > 


81.18 


Lime 18.96  18.97 

Soda 8.91  8.72 

Water .^ 13.80  18.80 

99.48  99.70 

This  is  the  composition  of  thomsonite,  and  the  mineral  is  a  mas- 
sive variety  of  that  species. 

The  analyses  give  the  formula  ft  si-f-SXl  Si+7tt=silica  37.8,  alu- 
mina 31.5,  lime  13.00,  soda  4.80,  water  12.90. 

Special  examination  was  made  for  phosphoric  acid,  hot  in  the 
pure  mineral  none  could  be  found,  although  in  some  impure  speci- 
mens that  one  of  us  had  previously  examinedf  it  existed  in  the 
form  of  apatite  in  considerable  abundance,  and  the  specimens  ex- 
amined were  pronounced  a  mixture  of  apatite  and  a  zeolite. 

This  mineral  was  first  referred  to  the  zeolites  by  Mr.  J.  D. 
Whitney,!  who  on  a  qualitative  analysis  found  it  to  be  a  hydrous 
silicate  of  alumina  and  lime,  with  a  little  soda. 

24.  Dysyntribite  a  Rock  of  Indefinite  Composition. 

The  substance  to  which  the  above  name  was  given  by  Prof. 
Shepard  §  occurs  in  large  masses  in  the  northern  part  of  the  State 
of  New  York.  It  is  of  a  green  color,  sometimes  mottled  with  red. 
It  resembles  serpentine,  but  has  a  strongly  argillaceous  odor  when 
moistened. 


*  Amer.  Jour.  Science  and  Arts,  2d  series,  ii. , 
t  Amer.  Jour.  Science  and  Arts,  2d  series,  ix,  430. 
t  Jour.  Bo8t.  Soc.  Nat.  Hist.,  1849,  p.  42. 
i  llep.  Amer.  Assoc.  Ad  van.  Sci.,  vol.  iv,  311. 
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Having  reason  to  suspect  that  the  substance  was  not  perfectly 
homogeneous — from  our  first  analysis  not  agreeing  with  Professor 
Shepard's  —  various  specimens  were  examined.  The  correctness 
of  the  supposition  will  be  seen  by  comparing  the  following  results : 

12  8  4 

Silica 44.80  44.77  44.94  46.70     46.60  44.74  44.10 

AliiniiDa  . . .  34.90  35.88  25.05  31.01  \  oc  .  ^  20.98  20.64 

Iron 3.01  2.52  3.33  3.69  ^^'^'^  4.27  4.03 

Maiii^aiie^' .  .30  .30  trace  trace     trace  trace 

Lime 6(i  .62  8.44  trace     trace  12.90  12.34 

Magnesiji  . .  .42  .53  G.86  .50         .50  8.48  8.67 

Potassa  ....  0.87  ....  5.80  11.68     11.68  3.73  8.92 

Soda 3.60  ....  trace             trace      trace      

Water 5.38  4.72  6.11  5.30       5.30  4.86  6.30 

99.94  100.68  98.88     99.13  99.96     99.90 

There  is  a  remarkable  agreement  in  the  percentages  of  silica. 
The  mineral  wa.s  found  to  lose  about  two  per  cent  of  water  by 
desiccation.  Some  specimen .s  showed  the  presence  of  a  small 
amount  of  phosphoric  acid.  Nos.  1  and  4  were  received  from  Mr. 
S.  W.  Johnson;  No.  2  from  Mr.  Silas  R.  Horton,  and  the  exact 
locality  of  it  is  Diana,  N.  Y. ;  No.  3  was  received  from  Professor 
Hume,  of  Charleston,  who  obtained  it  from  Prof  Shepard.  The 
original  analysis  by  Prof.  Shepard  gave 

Si  XI  *^e  t{  Oa  Mg 

47.68  41.50  5.48  4.83  traces 

This  substance  bears  a  close  relation  to  agalmatolite,  w^hich 
from  the  variable  proportion  of  its  constituents  can  not  be  con- 
sidered a  mineral,  but  is  a  rock.  Some  of  the  specimens  of  dysyn- 
tribite  give  the  composition  of  pinite,  but  it  is  reasonable  to  sup- 
pose that  a  mineral  varying  so  much  in  its  alumina,  magnesia, 
lime,  and  alkalies,  may  in  different  masses  furnish  a  resemblance 
to  a  vast  number  of  minerals. 

25.    GiBBSITE. 

Qibbsite  was  first  described  by  Dr.  Torrey  *  as  hydrate  of  alu- 
mina. This  composition,  confirmed  by  Dewey  and  Thomson,  was 
<?onsidered  correct  until  Hermann  f  announced  the  discovery  of 
over  37  per  cent  of  phosphoric  acid  in  it,  and  that  the  mineral 

*  New  York  Med.  and  Phys.  Jour.,  i,  68, 
tJ.  f.  pr.  Chem.,  xl,  32. 
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was  a  hydrous  phosphate  of  alumina.  To  satisfy  all  doubts  in 
this  matter,  Prof.  Sillinian,  jr.,*  examined  it  with  direct  reference 
to  the  occurrence  of  phosphoric  acid,  and  in  none  of  the  speci- 
mens examined  could  he  find  more  than  a  trace.  Subsequently 
Mr.  CrossleVjt  of  Boston,  analyzed  it,  and  his  results  confirmed  • 
the  previous  analyses  of  American  chemists ;  meanwhile  Her- 
mann;]; re-examined  it,  and  found  the  phosphoric  acid  to  vary  in 
different  specimens  from  37.62  to  11.90  per  cent,  showing  that  he 
had  not  obtained  a  homogeneous  mineral. 

Considerable  pains  have  been  taken  to  obtain  a  numl)er  of 
authentic  specimens  for  examination,  some  of  which  are  direct 
from  the  locality,  and  others  from  our  own  collection.  The  results 
show  that  the  mineral  is  a  hydrate  of  alumina  (^1  fl^),  with  but  a 
trace  of  phosphoric  acid,  and  in  some  specimens  not  even  a  trace 
existed.     Two  analvses  gave 

1  2 

Alumina 04.24  08.48 

Peroxide  (»f  iron trace  .  *tnu;e 

Water 83.70  .     34.08 

Silica 1.33  .       IM 

Phosphoric  acid  . .  .* .57  trace 

Magnesia 10  '       .05 

100.00  99.30 

The  phosphoric  acid  was  determined  by  molybdate  of  ammonia; 
the  small  amount  of  silica  is  due  to  the  intimate  mixture  of  the 
mineral  with  allophane.  From  the  results  of  these  examinations 
we  are  confident  that  Mr.  Hermann  has  not  at  any  time  analyzed 
pure  Gibbsitc. 

26.  Emerald  Nickel. 

We  notice  in  the  last  edition  of  Phillip's  Mineralogy  that  Profs. 
Miller  and  Brooke  place  this  species  among  the  doubtful  ones, 
without,  however,  giving  any  reasons  for  so  doing.  To  ascertain 
if  any  good  reason  existed  for  this  doubt  we  have  re-analyzed  it, 
and  find  the  same  composition  as  given  by  Prof  Silliman,  jr., 
which  was 

Oxide  nicJccl.  Carbonic  acid.  Water. 

68.81  11.09  29.49 


*  Anier.  Jour.  Science  and  Arts,  2d  series,  vii,  411. 
t  Amer.  Jour.  Science  and  Arts,  2d  series,  ix.  408. 
t  J.  f.  pr.  Chem.,  xlvii,  1. 
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We  obtained 

Oxygen. 

Oxide  of  nickel 56.82  12.10 

Magnesia 1.68  .67 

Carbonic  acid 11.63  8.46 

Water 29.87  26.56 

Which  gives  the  formula  ^i^C+eft. 

Atoms.       At.  weight.  Percenl.  Oxygen  ratio. 

Oxide  of  nickel 3  1408  59.72  3 

Carbonic  acid   1  275  11.66  2 

Water 6  675  28.62  6 

We  would  prefer  expressing  its  formula  by  an  atom  of  car- 
bonate of  nickel  plus  two  atoms  of  the  hydrated  oxide  of  nickel. 
This  is  rendered  probable  by  the  fact  that  whenever  it  is  attempted 
to  form  a  carbonate  of  the  protoxide  of  nickel  by  precipitating 
a  protosalt  with  an  alkaline  carbonate,  a  carbonate  is  obtained 
containing  a  certain  amount  of  the  hydrated  oxide.  For  these 
reasons  we  would  express  emerald  nickel  by  Ki  ("'+2(Ni  H3).  It  is 
without  question  a  distinct  species  and  a  most  beautiful  and  inter- 
esting mineral,  both  from  the  richness  of  its  color  and  its  associa- 
tion with  chromic  iron. 

Since  completing  our  examinations  of  this  mineral  we  have 
observed  an  analysis  of  a  mineral  called  emerald  nickel  by  Mr.  T, 
H.  Garrett.  The  mineral  examined  was  of  a  very  impure  descrip- 
tion, and  was  supposed  by  the  analyst  to  be  a  mixture  of  emerald 
nickel,  meerschaum,  and  augite ;  of  course  it  is  impossible  to  fur- 
nish any  correct  idea  of  the  composition  of  pure  emerald  nickel 
from  results  on  such  impure  specimens.  This  mineral  is  often  asso- 
ciated more  or  less  intimately  with  a  nickel  serpentine  or  gymnite ; 
but  with  an  abundance  of  the  mineral  to  select  from,  a  hydrous 
carbonate  of  nickel  can  be  obtained  of  a  uniform  composition.  A 
quarter  of  an  ounce  of  selected  fragments  sent  by  Mr.  L.  White 
Williams  furnished  us  with  about  one  gramme  of  the  pure  min- 
eral. 

27.  Danburite. 

This  mineral  has  as  yet  been  found  in  only  one  locality — Dan- 
bury,  Conn.  It  was  first  described  by  Prof.  C.  U.  Shepard,*  and 
considered  by  him  a  hydrated  silicate  of  lime  and  potash.  Still 
later  it  was  examined  by  Dr.  H.  Erni,t  and  boracic  acid  was 


*Amer.  Jour.  Science  and  Arts,  1st  series,  xxxv,129. 
t  Araer.  Jour.  Science  and  arts,  2d  series,  ix,  286. 
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found  to  be  an  important  ingredient  in  its  constitution;  in  his 
analysis,  however,  a  large  amount  of  alkalies  is  indicated.  As 
the  results  of  our  analyses  show  but  a  trace  of  these  substances 
and  no  other  base  but  lime,  it  is  ix)ssible  that  Dr.  Erni's  alkali 
determination  was  made  through  mistake  on  some  of  the  feldspar 
accompanying  danburite,  as  it  not  unfrequently  happens  that  the 
granular  portions  of  the  feldspar  resemble  the  lighter  varieties  of 
danburite.  This  supposition  appears  reasonable,  as  the  silica  and 
lime  of  his  determinations  agree  with  those  about  to  be  stated. 
The  composition  as  given  by  the  authorities  mentioned  are 

Si         Oil      *1 
50.00  28.83  1.70  V?  0.85  Iv  (with  Na?)  and  loss  5.12  ^8.0:^100.     Shepard. 
49-74  22.80  Mg  1.98  Pe  and  X12.11  1^4.31  Na9.82  59.24=100.     Erni. 


The  results  of  the  analyses  just  made  are  as  follows: 

1 
$.10 

.30  ) 

.56  J 


1  2  r»  4 

Silica 48.10  48.20  

Alumina "^ 

Peroxide  of  iron. .  j  '**"}■  1.02 

Manganese 

Lirac   22.41  22.33  22.22  22.11 

Magnesia .40  undoterni 

Boracic  acid 27.73  27.15  

"  Ignition .50  .50  

100.00  99.20 

This  corresponds  to  the  following  constitution  ; 

Per  cent.  Oxypen  ratio. 

4  atoms  silica 49.42  4 

8      ••      boracic  acid 28.02  3 

3      ••      lime 22.50  1 

It  is  not  easy  to  decide  upon  the  formula  by  which  danburite 
is  to  be  expressed.  The  same  difficulty  occurs  here  as  in  the  case 
of  datholite,  Berzelius  considering  the  lime  only  as  acting  the  part 
of  base,  while  Sammelsberg  regards  the  boracic  acid  also  as  per- 
forming the  part  of  a  base.  The  formula  for  danburite  under 
these  views  would  be  expressed  by 

2Ca  Si^+Oa  B^  or  Ca3  gP-f-B^  Si». 

We  are  in  favor  of  regarding  the  latter  as  representing  the 
true  formula. 

If  danburite  be  examined  in  its  relation  to  datholite  it  will  be 
found  to  differ  from  the  latter  in  having  just  one  half  the  number 
of  atoms  of  lime  minus  three  atoms  of  water. 
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Ca^  SP-fB3  Si^+3ft=I)atholite. 
Oa3  Si^+B3  SP  r^Danburite. 

This  mineral  forms  then  the  second  natural  borosilicate  of  lime. 
Its  physical  characters  have  been  fully  described  elsewhere. 

The  results  of  the  analysis  somewhat  surprised  us,  as  we  confi- 
dently expected  to  find  alkalies ;  of  course  much  care  was  directed 
to  the  settling  of  this  question,  which  from  the  simplicity  of  the 
composition  of  danburite  was  easily  done  in  the  following  manner : 
to  one  gramme  of  the  mineral  strong  hydrofluoric  acid  was  twice 
added,  the  mass  carefully  heated  and  evaporated  nearly  to  dryness 
on  each  addition;  finally  sulphuric  acid  was  added  in  excess,  the 
whole  evaporated  to  dryness  and  ignited  ;  the  residue  weighed  563 
milligrammes,  of  which  544  were  sulphate  of  lime,  the  remaining 
19  being  composed  of  alumina,  Tron,  manganese,  and  magnesia. 
The  544  milligrammes  of  sulphate  of  lime  correspond  to  22.44  per 
cent  of  lime  in  the  mineral  used,  proving  clearly  that  the  remain- 
der was  all  volatilized  under  the  action  of  hydrofluoric  acid,  which, 
according  to  previous  experiments,  was  shown  to  consist  of  silicio 
and  boracic  acids.  Three  repetitions  of  the  above  exi)eriment  gave 
perfectly  concordant  results ;  in  fact  no  more  beautiful  proof  could 
have  been  had  of  the  absence  of  all  other  bases  but  lime  in  any 
very  sensible  quantity.  Moreover,  the  amount  of  lime  thus  indi- 
cated agrees  perfectly  with  that  obtained  by  the  direct  method  of 
analysis. 

The  boracic  acid  was  estimated  by  first  ascertaining  the  exact 
amount  of  silica  by  a  soda  fusion,  and  then  deducting  this  (juantity 
from  the  entire  loss  of  a  given  quantity  of  the  mineral  under  the 
action  of  hydrofluoric  acid. 

The  specimens  examined  were  among  the  finest  that  have  ever 
been  found,  and  were  procured  by  Mr.  Brush  at  the  locality. 

28.  Carrollite  a  Copper  Linn^:ite. 

This  mineral  occurs  at  Finksburg,  Carroll  County,  Maryland, 
and  was  described  as  a  new  species  by  Mr.  W.  L.  Faber.*  He 
gave  as  its  chemical  composition 

S  Co  Ni  Cii  Fe        *   As  Si 

27.04        28.50        1.60        :^2.99        r>.81         1.82        2.14 

Formula  2Co  S-j-Cu^  8. 


*  Aiiier.  Jour.  Science  and  Arts,  2d  series,  vol.  xiii,  418. 


Digitized  by 


Google 


RE-EXAMIKATION  OF  AMERICAN  MINERAI8.  161 

Our  attention  was  first  called  to  this  mineral  from  the  unusual 
relation  of  the  sulphur  to  the  metals  in  its  composition,  it  being, 
we  believe,  the  first  example  of  a  natural  subsulphuret  that  had 
been  observed,  the  relation  being  R^  8^. 

Having  been  furnished,  through  the  kindness  of  Prof  Dana, 
with  an  abundance  of  the  mineral  to  select  from,  which  he  had 
procured  from  original  specimens  in  the  hands  of  Prof  Booth,  it 
was  carefully  separated  from  the  copper  pyrites  with  which  it  is 
associated.  A  re-examination  of  it  gives  the  following  for  its 
physical  and  chemical  characters:  Hardness  5.5;  specific  gravity 
4.85;*  luster  metallic ;  color  steel-gray ;  fracture  uneven,  without 
sufficient  indication  to  make  out  clearly  the  nature  of  its  cleavage. 
The  results  of  three  analyses  are 

12  3 

Sulphur 41.93  40.94  40.99 

Cobalt 87.25  88.21  87.65 

Copper 17.48  17.79  19.18 

Nickelf 1.54              1.54  1.54 

Iron 1.26              1.65  1.40  . 

Arsenic trace  trace  trace 

99.46  100.08  100.76 

These  correspond  to  the  general  formula  R  S-f  R*  S^,  as  will  be 
seen  by  comparing  the  amount  of  sulphur  required  for  the  metals 
indicated  in  the  three  analyses  with  the  quantities  found. 

1  Sulph.          2  Sulph.          8  Sulpb. 

Cobalt 87.26  27.00  88.21  27.68  37.66  27.21 

Copper 17.48  11.66  17.79  11.88  19.18  12.78 

Nickel 1.54  1.12        1.54  1.12  1.54  1.12 

Iron 1.26  .98        1.55  1.15  1.40  1.08 

40.70  41.88  42.14 

Substituting  cobalt  for  the  copper,  iron,  and  nickel,  the  entire 

amount  of  the  cobalt  would  be  represented  in  the  three  analyses 

by  56.37,  57.92,  and  58.50  per  cent.     The  formula  requires 

AtomB.  Per  cent. 

Sulphur 4  42.06 

Cobalt 8  67.94 

This  is  the  formula  and  constitution  of  linnseite,  and  the  mineral 
in  question  is  a  copper  linnseite  similar  in  composition  to  the  one 
from  Riddarhythan,  Sweden. 

•  It  may  be  well  to  remark  that  there  is  a  typographical  error  in  the 
statement  of  the  specific  gravity  of  linnaeite  in  Dana's  Mineralogy;  it  is 
never  above  5.00.  t  Only  one  estimate  of  nickel  made. 

11 
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The  composition  of  this  mineral  is  interesting,  as  it  ^mishes 
the  only  example  in  the  mineral  kingdom  of  the  isomorphism  of 
copper  and  cobalt,  ^here  the  latter  may  be  replaced  to  a  greater 
or  less  extent  by  the  former.  Among  artificial  products  exhibit- 
ing this  replacement,  we  have  the  cupro-sulphate  of  cobalt  with 
10  and  with  7  atoms  of  water,  the  latter  crystallizing  in  oblique 
prisms,  like  the  sulphate  of  cobalt  with  the  same  number  of  atoms 
of  water,  which  is  also  the  form  of  green  vitriol. 

29.  Thalltte  Identical  with  Saponite. 

This  mineral  was  originally  described  by  Dr.  D.  D.  Owen,*  by 
whom  it  was  found  on  the  north  shore  of  Lake  Superior,  diffused 
in  the  amygdaloidal  traps  of  that  locality.  At  the  time  it  was 
first  noticed  it  was  supposed  to  contain  a  new  element,  which  was 
called  thallium ;  the  mineral  itself  was  named  thallite.  Through 
the  kindness  of  Dr.  Owen  we  were  furnished  with  some  of  the 
mineral,  which  was  subjected  to  most  careful  analysis,  the  result 
showing  nothing  in  its  composition  by  which  it  differs  from  sapo- 
nite, and  all  attempts  to  isolate  a  new  earth  from  it  were  vain. 
A  second  portion  of  the  thallite  with  some  of  the  supposed  thallia 
was  sent  us  by  Dr.  Genth,  of  Philadelphia,  which  was  labeled  *'not 
quite  pure ; "  its  composition,  however,  differed  from  the  first  prin- 
cipally in  containing  less  water,  as  it  was  allowed  to  dry  for  a 
greater  length  of  time — it  being  a  common  thing  for  saponites  to 
lose  more  or  less  of  their  water  by  desiccation  in  the  air. 

The  result  of  the  examination  of  the  thallite  yras  given  in  a 
note  in  the  last  number  of  the  American  Journal  of  Science  and 
Arts.  Many  of  the  reactions  contained  in  the  original  description 
of  thallite  and  thallia  we  have  been  unable  to  recognize,  among 
them  the  evolution  of  chlorine  by  the  action  of  hydrochloric  acid, 
and  the  precipitation  by  a  neutral  solution  of  succinate  of  ammo- 
nia. The  pea-green  color  of  the  concentrated  hydrochloric  acid 
solution  of  the  thallia,  prepared  in  the  way  mentioned  by  Dr. 
Owen,  is  easily  explained  by  the  presence  of  an  exceedingly  minute 
quantity  of  the  chloride  of  chromium,  as  the  smallest  trace  of  this 
lajBt  metal  will,  under  the  circumstances,  produce  that  color.  The 
results  of  our  analyses  are  as  follows : 

*  Jour.  Acad.  Nat.  Science,  Phila.,  ii,  part  2d,  1852. 
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1  2 

Silica 45.60  48.89 

Alumina 4.87  7.28 

Oxide  of  iron 2.09  2.46 

Manganese trace  trace 

Lime 1.07  

Magnesia 24.10  24.17 

l:th:::::::::::::::::::::::}    ■*' 

Water 20.66  15.66 

98.84  99.22 

The  specimen  No.  1,  as  already  stated,  came  directly  from  Dr. 
Owen ;  No.  2  from  Dr.  Genth.  The  original  analysis  of  Dr.  Owen, 
with  the  exception  of  the  new  earth,  does  not  differ  very  materially 
from  the  above,  when  we  consider  that  the  saponites  vary  more  or 
less  in  their  composition.     It  is  as  follows : 

gi  ^1  3Pe        new  earth        Mg  S  Mn  "&. 

42  4.6  1.5  10-12  20.6  0.8  trace  18 

If  then  the  existence  of  a  new  earth  in  this  mineral  can  not 
be  established,  it  is  clear  that  it  must  be  a  saponite,  with  which 
mineral  it  is  identical  in  physical  properties. 

30.  HuDsoNiTE  A  Pyroxene. 

This  species  was  described  by  Prof  L.  C.  Beck.*     It  has  since 
been  shown  to  be  a  pyroxene  in  which  a  portion  of  the  silica  is  re- 
placed by  alumina.     Beck  and  Brewer  obtained  for  its  composition 
Si  il  te  Sin  Ag  Ca 

86.94        11.22        36.03        2.24         ....         12.71=  99.14.  Brewer.f 
87.90        12.70        36.80        ....  1.92        11.40=100.72.  Beck. 

A  recent  examination  of  some  specimens  has  shown  the  pres- 
ence of  a  considerable  amount  of  alkalies.  The  mineral  was  re- 
ceived from  Mr.  Silas  R.  Horton,  and  is  the  same  as  was  sent  by 
him  to  Prof.  Beck.    The  results  of  two  analyses  are 

1  2 

Silica 39.30  38.58 

Alumina 9.78  11.05 

Protoxide  of  iron 80.40  30.67 

Protoxide  of  manganese 67  .52 

Lime 10.89  10.32 

Magnesia 2.98  3.02 

Potash 2.48 )  .  .^ 

Soda 1.66  /  *-^^ 

Ignition 1.96  1.95 

99.61 100.17 

*  Mineralogy  of  New  York,  p.  810. 

t  From  Dana's  Mineralogy,  3d  ed.,  p.  267. 
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ConBidering  the  alumina  as  replacing  silica,  these  give  the 
oxygen  ratio  of  pyroxene  and  the  formula  ft3  (gi,  XI)'. 

31.  Jenkinbite. 

The  green  mineral  that  occurs  in  velvety  coatings  on  the  mag- 
netite of  O'Neil's  Mine,  in  Orange  County,  New  York,  has  been 
described  by  Prof.  Shepard^  as  a  new  species.  Its  intimate  asso- 
ciation with  magnetite  renders  it  somewhat  difficult  to  obtain  it 
perfectly  pure ;  but  by  placing  the  fine  particles  of  jenkinsite  in 
a  vessel  of  water,  and  stirring  the  mass  with  a  clean  rod  of  soft 
iron  that  passes  through  an  electro-magnetic  coil  in  connection 
with  a  battery,  every  particle  of  magnetic  iron  is  removed.  Two 
different  portions  thus  purified,  procured  at  different  times  from 
Mr.  Silas  R.  Horton,  and  Mr.  John  Jenkins,  gave 

1  2 

Silica 88.97  87.42 

Protoxide  of  iron 19.30  20.60 

Protoxide  of  manganese 4.86  4.05 

Magnesia 22.87  22.76 

Alumina 53  .98 

Water 18.86  18.48 

99.89  99.28 

From  these  we  obtain  the  mean  oxygen  ratio  for  silica  and 
protoxides,  and  water,  19.84 :  14.50 :  11.92=4 :  3 :  2^,  and  the  form- 
ula B9gi*+7H. 

Atomfl.  At. weight.  Percent. 

Silica 4  2309  88.83 

Magnesia 6  1500  25.28 

Protoxide  of  iron 8  1850  22.70 

Water 7  788  18.24 

5947 
The  mineral  is  similar  in  composition  to  serpentine  with  one 
atom  more  of  water,  and  the  magnesia  replaced  in  part  by  protox- 
ide of  iron  and  manganese.     It  also  has  a  strong  resemblance  to 
hydrophUef  both  in  chemical  and  physical  properties. 

32.  Lazulite. 

This  species  occurs  in  considerable  abundance  in  Sinclair  County 
North  Carolina,  at  present  the  only  American  locality.  It  is  of 
interest  to  compare  its  composition  with  the  European  varieties, 

*Amer.  Jour.  Science  and  Arts,  2d  series,  xiii,  892. 
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and  for  that  reason  the  examination  was  made.    The  specific  gray- 
ity  was  3.122.     Two  analyses  gave 

Oxygen.  Oxygen. 

Phosphoric  acid 43.88=24.81  44.15=24.74 

Alumina 31.22     14.59  82.17     15.08 

Protoxide  of  iron 8.29      1.84  \  ;.  ««  8.05      1.79  \  r  *m 

Magnesia 10.06      4.02  /  ^'^^  10.02      4.01  /  ^'^ 

Water 5.68      5.05  5.60      4.89 

gi 1.07  1.07 

99.70  100.96 

No.  1  has  the  oxygen  ratio=24.90 :  14.94 : 6 : 5.16,  or  very 
nearly  25 :  15  :  6  :  5.  No.  2  has=25.56  :  15.54 :  6  :  5.04.  From 
these  we  deduce  the  formula 

2  (fig,  *e)3  P4-X15  ^34.55 

Atoms.    At.  weight.     Per  cent. 

Phosphoric  acid 6  4460  44.02 

Alumina 5  8209  81.67 

Protoxide  of  iron 2  900  8.88 

Magnesia 4  1000  9.87 

Water 5  668  5.66 

The  formula  difiers  from  that  of  Bammelsberg  by  one  atom 
less  of  alumina  and  of  water ;  calculated  by  his  formula  it  would 
give  the  alumina  much  too  high  for  our  analyses.  The  phosphoric 
acid  was  separated  from  the  alumina  by  fusing  the  mineral  with 
carbonate  of  soda  and  silica,  this  being  the  most  perfect  method, 
in  fact  the  only  one  to  be  safely  relied  on.  It  appears  to  be 
identical  in  specific  gravity  and  composition  with  the  variety  from 
Gratz  examined  by  Rammelsberg. 

33.  Kyanite. 

Associated  with  the  lazulite  just  described  is  a  very  beautifiil 

white  kyanite.    Its  composition  is 

Silica 87.60 

Alumina 60.40 

Peroxide  of  iron 1.60 

99.60 

This  corresponds  to  the  formula  £P  si'=silica  37.47,  alumina  62.53. 

34.  El^olite. 

The  elseolite  of  Magnet-cove  in  Arkansas  passed  under  the 
name  of  **  flesh-red  feldspar"  until  recognized  by  Prof.  Shepard.* 
It  has  the  following  physical  and  chemical  properties :  Hardness 

*Amer.  Jour.  Science  and  Arts,  2d  series,  ij,  252. 
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6;  specific  gravity  2.65;  color  flesh-red;  luster  greasy ;  structure 

massive.     Chemical  composition : 

Silica.. ! 44.46 

Alumina 30.97 

Peroxide  of  iron 2.09 

Lime 66 

Soda 15.61 

Potash    5.91 

Ignition 95 

100.65 
From  this  we  have  the  oxygen  ratio  for  the  silica,  peroxides, 
and  protoxides,  9:6:2,  and  the  formula  W  Si-|-2Xl§i.  The  mineral 
examined  was  furnished  by  Mr.  Markoe,  of  Washington ;  it  is  the 
one  alluded  to  in  our  last  paper  as  containing  the  compact  thorn- 
sonite,  under  the  name  of  ozarkite.  Since  publishing  the  analysis 
of  the  latter  we  have  procured  a  specimen  of  the  elseolite  contain- 
ing the  thomsonite  in  handsome  radiated  crystallizations. 

35.  Spodumene. 

Several  analyses  of  this  species  from  Norwich  and  Sterling, 
Massachusetts,  were  given  by  Mr.  Bush,  in  vol.  x  of  American 
Journal  of  Science  and  Arts. 

In  these  analyses  the  alkalies  were  determined  as  sulphates,  and 
from  the  amount  of  sulphuric  acid  the  relative  amount  of  alkalies 
was  calculated.  Since  these  examinations  it  has  been  found  that 
this  process  is  liable  to  great  inaccuracy;  and  we  have  conse- 
quently made  a  re- examination  with  direct  reference  to  this  point; 
it  has  been  made  altogether  on  the  variety  from  Norwich,  which 
occurs  in  beautiful  crystals.  The  results  of  the  re-examination 
show  that  the  lithia  and  soda  determinations  in  the  analyses  refer- 
red to  are  erroneous.  The  method  used  in  this  instance  is  that 
recommended  by  Eammelsberg — the  separation  of  the  chloride  of 
lithia  from  the  chlorides  of  potash  and  soda  by  a  mixture  of  alcohol 
and  ether.     These  analyses  gave 

12  8 

Silica 64.04  68.66  68.90 

Alumina.       27.841  28.97  28.70 

Peroxide  of  iron 64  j 

Lime 34  .31  •     .26 

Magnesia trace  trace  trace 

Lithia 6.20  5.05  4.99 

Soda 66  \  «„  jyv 

Potassa 16/  '^^  '^ 

Ignition 50  .50  .60 

99.38  99.30  99.25 
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From  these  is  deduced  the  oxygen  ratio  for  the  protoxides,  per- 
oxides, and  silica,  1:4:10,  and  the  formula  Ks'Si^+iSlSP,  corre- 
sponding with  the  results  recently  obtained  by  Rammelsberg*  for 
the  composition  of  the  spodumene  from  Uton  and  the  Tyrol. 
The  silica,  however,  is  somewhat  lower  than  that  of  the  European 
specimens,  .which  is  probably  owing  to  the  greater  purity  of  the 
American  mineral,  it  being  found  in  crystals. 

Since  completing  the  above  examination  of  the  spodumene 
from  Norwich,  we  have  noticed  a  recent  examination  of  the  variety 
from  Sterling,  Massachusetts,  by  Hammelsberg,  in  which  he  states 
his  having  found  4.5  per  cent  of  potash,  and  a  ratio  nearer  ^ :  5: 12 
than  1:4: 10.  This  difference  is  accounted  for  by  that  author  on 
the  ground  that  the  mineral  is  somewhat  decomposed,  and  that 
the  original  ratio  was  1 :  4 :  10.  The  fact  is  Eammelsberg  did  not 
examine  the  pure  spodumene  from  Sterling,  as  will  be  seen  by  his 
own  account  of  the  specimens  analyzed.  They  were  white,  yellow- 
ish or  bluish  gray  in  color,  possessing  little  luster,  penetrated  with 
small  fissures,  and  in  these  fissures,  as  well  as  in  many  places  on 
the  surface,  were  scales  of  mica  with  yellow  flakes  of  oxide  of 
iron;  the  specific  gravity  was  3.073.  Now  the  spodumene,  as  we 
have  procured  it  perfectly  pure  from  Sterling,  Massachusetts,  is 
of  a  greenish-gray  color,  fine  luster,  and  very  compact,  cleaving 
with  perfection,  a  specific  gravity  of  3.182,  and  with  a  composition 
according  perfectly  with  the  requirements  of  the  ratio  1 :  4 :  10, 
containing  even  a  little  more  lithia  than  the  variety  from  Norwich. 
In  an  early  examination  by  Brush,  published  several  years  ago,  the 
silica  was  given  too  low,  he  not  having  separated  the  small  amount 
of  silica  always  associated  with  the  alumina.  A  recent  analysis 
gives  as  the  composition  of  this  spodumene : 

Oxygen  ratio. 

Silica 64.60  33.41  or  10.66 

Alumina 26.30 1  i  o  r/i  ^*  a 

Peroxide  of  iron 2.66  /  ^^'^^  ^^  * 

Lime 43' 

Magnesia 06 

Lithia 6.66 

Potash  and  soda 1.10^ 

Loss  by  ignition 30 

99.89 
It  will  be  seen  that  this  forms  no  exception,  and  when  examined 
pure  has  the  same  composition  as  spodumene  from  other  localities. 

*Pogg.  Ann.,  Ixxxv,  544. 
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In  fact,  so  &r  as  the  American  spodumene  is  concerned,  we  believe 
that  the  specimens  from  Norwich  are  the  most  beautiful  that  have 
been  found  any  where,  and  we  shall  take  pleasure  on  some  earlj 
occasion  in  furnishing  Rammelsberg  with  good  specimens  from  both 
Norwich  and  Sterling. 

36.    PETAI.ITE. 

In  connection  with  the  analyses  of  spodumene  it  was  thought 

interesting  to  examine  the  American  petalite.     For  this  purpose  a 

specimen  from  Bolton,  Massachusetts,  was  selected.     The  results  of 

analyses  are : 

1  Oxygen.  2  Oxygen. 

Silica 77.96  40.50  77.90  40.47 

Alumina 16.68  7.77)  ,  qr  15.86  7.41)  ,, -^ 

Peroxide  of  irin.  .        .62  .18  /  ''^^  .61  .15 ;   *'^ 

Lime trace  ....  trace 


2.18 


Magnesia 21  .08)  .26                .10) 

Lithia 8.74  2.07  [  2.27  8.52  1.94  [ 

Soda 48  .12j  .68                .14J 

Potassa trace  ....  trace  .... 

Ignition 60  .70  

100.23  99.87 

No.  1  gives  oxygeii  ratio  20 : 3.92 : 1.12 ;  No.  2  gives  oxygen  ratio 
20:  3.74: 1.08',  or  quite  nearly  20:  4: 1,  from  which  we  have  the 
formula  &3  gi44_4Xi  gi4=8ilica  78.37,  alumina  17.44,  lithia  3.40, 
soda  0.79. 

37.  BoLTONiTE  Identical  wiih  Chrysolite. 

Boltonite  was  first  described  as  a  new  species  by  Professor  C.  U. 
Shepard.  He  made  the  specific  gravity  from  2.8  to  2.9.  It  was 
subsequently  examined  by  Professor  Silliman,  jr.,  who  found  3.008 
as  its  specific  gravity,  with  a  hardness  of  from  5  to  6.  His  analy- 
sis gave  for  its  constituents 

Silica 46.062 

Alumina 5.667 

Magnesia 88.149 

Protoxide  of  iron 8.632 

Lime 1.616 

With  this  knowledge  of  the  mineral  I  undertook  its  examina- 
tion on  specimens  in  the  gangue  furnished  me  by  Professor  Shep- 
ard. Examination  of  difierent  portions  separated  mechanically 
from  the  gangue  made  it  very  evident  that  the  mineral  was  more 
or  less  mixed  with  other  substances  which  had  escaped  observation, 
for  no  two  analyses  agreed ;  and  it  was  soon  discovered  that  it  was 
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impossible  (firom  the  specimeDS  in  my  possession  at  least)  to  sep- 
arate boltonite  in  a  state  of  purity  without  the  aid  of  other  means 
than  had  been  adopted. 

Boltonite,  as  is  well  known,  occurs  at  Bolton,  Mass.,  dissem- 
inated in  irregular  masses  and  grains  in  a  white  limestone.  If  a 
piece  of  the  mineral  in  its  gangue  be  placed  in  cold  dilute  hydro- 
chloric acid  the  limestone  is  readily  dissolved  and  a  mass  left  which 
is  seen  to  consist  of  asbestos,  dolomite,  a  little  mica,  small  crystals 
of  magnetic  iron,  and  a  greenish  or  yellowish-green  mineral;  if 
the  acid  be  now  heated,  the  dolomite  will  be  entirely  dissolved 
with  a  little  of  the  last  mentioned  mineral. 

In  order  to  obtain  the  boltonite  as  pure  as  possible  for  analysis 
the  following  method  was  adopted.  Pieces  were  separated  by  the 
hammer  as  thoroughly  as  possible  from  all  other  substances ;  these 
were  subsequently  placed  in  dilute  hydrochloric  acid  and  boiled  for 
some  time ;  the  acid  being  washed  away  and  the  substance  dried, 
it  was  crushed  in  a  mortar  to  fragments  from  the  twentieth  to  the 
tenth  of  an  inch  in  diameter;  these  were  again  introduced  into 
dilute  acid  and  heated  for  a  short  while;  the  acid  was  thoroughly 
washed  away  and  the  mineral  dried.  The  small  fragments  (now 
like  coarse  gravel)  were  placed  on  a  piece  of  glazed  paper,  the 
hand  laid  flat  upon  it,  and  the  mineral  rubbed  so  as  to  grind  the 
particles  against  each  other  for  the  purpose  of  ridding  their  sur- 
faces of  a  little  cohering  silica  arising  from  its  partial  decompo- 
sition; with  a  small  gauze  sieve  the  finer  particles  are  separated, 
and  from  that  remaining  in  the  sieve  we  are  enabled  with  the  aid 
of  a  glass  without  any  difficulty  to  pick  out  the  pure  boltonite. 
This  method  requires  a  little  patience,  but  no  extraordinary  care; 
and,  however  unpromising  the  original  specimens  may  have  been, 
there  is  no  difficulty  in  obtaining  a  material  the  results  of  whose 
analysis  are  constant.  From  a  larger  selection  of  specimens  than 
that  used  there,  doubtless  could  be  obtained  pieces,  perfectly  pure, 
of  some  size.  After  being  satisfied  with  this  method  of  obtaining 
the  pure  mineral,  three  different  portions  were  prepared  and  ex- 
amined, the  first  two  being  of  the  greenish  variety  and  the  third  of 
the  yellow  variety,  which  color  is  doubtless  due  to  a  peroxidation 
of  a  minute  quantity  of  the  protoxide  of  iron  entering  into  the 
constitution  of  the  mineral.  Mr.  L.  Saemann,  in  a  communication 
made  to  the  American  Association  some  time  since,  attributed  this 
change  to  magnetic  iron  undergoing  decomposition ;  but  this,  how- 
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ever,  does  not  appear  to  me  to  be  the  case,  for  the  reason  that  crys- 
tallized magnetic  iron  is  a  mineral  difficult  of  decomposition,  and 
the  color  is  not  in  fissures,  as  would  be  the  case  if  the  peroxide 
arose  from  a  substance  foreign  to  the  composition  of  the  mineral, 
but  enters  into  its  most  intimate  structure. 

The  hardness  of  boltonite  is  found  to  be,  as  already  stated,  be- 
tween 5  and  6.  The  specific  gravity  was  taken  on  three  specimens ; 
Nos.  1  and  2  on  a  gramme  each  of  fine  particles ;  No.  3  on  a  piece 
of  0.150  gramme,  all  possible  precautions  being  used  to  arrive  at 
correct  results. 

No.  1 3.270  No.  2 8.208         No.  3 8.828 

No.  3  is  to  be  regarded  as  by  far  the  most  reliable,  as  in  taking 
the  specific  gravity  of  fine  grains  it  is  almost  impossible  to  detach 
the  last  particles  of  air,  and  consequently  the  specific  gravity  they 
indicate  is  below  the  true  number.  The  analyses  of  three  portions 
gave 

12  3 

Silica 42.56  41.96  42.41 

Maerne^ia 51.77  51.64  50,06 

Protoxide  of  iron 2.85  3.20 1  g  -^ 

Alumina 10  .25) 

Loss  by  heat 2.22  1.58  not  estimated. 

99.00  98.62 

Nos.  1  and  2  were  the  greenish  variety.  No.  3  the  yellowish. 
The  oxygen  ratios  of  the  silica  and  protoxides  are 

12  3 

Silica 22.11                21.77  22.03 

Magnesia 20.35                20.30  19.67 

Protoxide  of  iron 52                    .71  .75 

This  being  as  1  to  1  within  a  small  fraction,  the  formula  there- 
fore is  (iigi>)3  5i,  or  of  the  general  form  lt3§i,  which  of  course 
proves  it  to  be  chrysolite,  a  fact  sustained  in  every  respect  by  its 
physical  characters. 

38.  Iodide  of  Silver. 

In  this  re-examination  of  American  minerals  it  was  not  origin- 
ally designed  to  include  those  of  South  America,  but  my  recent 
examination  of  the  minerals  obtained  by  Lieutenant  Gilliss,  of  the 
U.  S.  Chili  Expedition,  has  afforded  an  opportunity  of  analyzing 
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certain  minerals  that  it  was  well  to  investigate,  and  among  these 
were  one  or  two  fine  specimens  of  iodide  of  silver.  A  re-exami- 
nation of  this  mineral  is  especially  interesting,  from  the  fact  that 
its  composition  is  still  in  doubt,  owing  to  the  discrepancy  between 
the  original  analysis  of  Vauquelin  on  the  mineral  from  Zacatecas 
in  Mexico  and  that  of  Domeyko  on  the  mineral  from  Chafiarcillo 

in  Chili. 

Vauquelin.  Domeyko. 

Iodine 22.6    .,y  ^^-^^  Ao^  T 

Silver 77.4  ^^-   ^'  64.26  ^^-  ^' 

The  constitution  of  the  native  chlorides  and  bromides  of  silver 
would  lead  to  the  supposition  that  Domeyko's  analysis  was  the 
correct  one,  and  this  is  strengthened  by  its  resemblance^  to  the 
artificial  iodide  of  silver. 

The  specific  gravity  was  found  to  be  5.366,  being  a  little  lower 
than  that  given,  by  M.  Domeyko.  The  analysis  of  an  exceedingly 
pure  specimen  gave  me 

1  2 

Iodine 62.934  63.109 

Silver 46.521  46.380 

Chlorine trace  trace 

Copper trace  trace 

99.456  99.489 

clearly  showing  its  constitution  to  be  Ag.  I=Iodine  53.85  Silver 
46.15=100,  leaving  no  dotibt  of  its  perfect  analogy  to  the  natural 
chloride  and  bromide  of  silver.  The  other  properties  of  this  min- 
eral are  not  mentioned,  as  they  are  all  fully  stated  in  all  works  on 
mineralogy. 

39.   COPIAPITE. 

This  mineral  was  also  furnished  me  by  Lieut.  Gilliss,  it  having 
been  brought  from  Chili.  It  consists  of  most  beautiful  silky  fibers 
01*  fibrous  masses  of  a  pearly  luster.  Its  color  is  white,  with  a  very 
fine  tinge  of  yellow.  From  the  specimens  in  my  possession  there 
was  no  difficulty  in  picking  out  a  portion  in  a  state  of  great  purity. 
Its  specific  gravity  is  1.84.  Examined  under  the  microscope  its 
form  appears  to  be  a  hexagonal  prism.  Cold  water  has  but  little 
action  on  it,  merely  causing  the  crystals  to  separate  and  the  mass 
to  swell  out  to  a  very  much  increased  bulk.  If  the  water  be  boiled, 
decomposition  ensues,  with  a  deposition  of  the  oxide  of  iron  and 
the  formation  of  a  soluble  sulphate.    On  analysis  it  afibrded 
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1  2 

Sulphuric  acid 80.25  30.42 

Peroxide  of  iron 81.75  80.98 

Water 88J20  \  ^.  o-*ir««t^H 

Undissolved 54/  not  estimated. 

100.74 
The  analyses  correspond  to  the  formula  FeS^+ll^*    l^is  ^ 
the  same  formula  as  that  obtained  by  Bose,  with  an  additional  half 
atom  of  water,  hb  formula  being  2Fe  g'+2lti.     Protoxide  of  iron 
was  looked  for  but  none  found. 

40.  OwBNiTE*  Identical  with  Thuringite — with  an  announce- 
BiENT  OF  A  New  Locality. 

Owenite  was  first  described  by  Dr.  F.  A.  Genth  as  a  distinct 
species,  who  gave  a  minute  and  accurate  analysis  in  the  American 
Journal  of  Science  and  Arts,  vol  xvi,  2d  series,  page  167.  It  was 
found  on  both  sides  of  the  Potomac  River,  near  Harper's  Ferry. 
The  physical  characters  being  already  fully  and  accurately  given, 
it  is  needless  to  repeat  them  here,  merely  remarking  that  its  spe- 
cific gravity  as  taken  by  me  is  3.191.  It  is  readily  soluble  in 
hydrochloric  acid;  notwithstanding,  analysis  No.  2  was  made  by 
fusion  with  carbonate  of  soda.     Results  of  analyses  as  follows : 

1                    2  Gentti. 

Silica 28.68  28.62  28.21 

Peroxide  of  iron 14.38  •          18.89 

Alumina 16.86  16.08  16.69 

Protoxide  of  iron 33.20  32.18  84.58 

Peroxide  of  manganese 09              ....  trace 

Magnesia 1.52              1.68  1.26 

Lime .36 

Soda 46              ....  .41 

Potash trace              .08 

Water 10.46  10.48  10.59 

100.60  99,97 

After  this  examination  it  was  rendered  strongly  probable  that 
owenite  and  thuringite  were  similar  if  not  identical  minerals,  yet 
in  the  analysis  of  thuringite  by  Ramnielsberg  alumina  is  not  men- 
tioned as  one  of  its  constituents.  This  view  was  sustained  by  the 
apparently  perfect  accordance  in  the  physical  characters  of  the  two 

*The  identity  of  these  two  minerals  had  already  been  announced  by 
me  in  a  letter  to  one  of  the  editors  of  the  American  Journal  of  Science  and 
Arts,  xvii,  181,  but  no  details  were  then  given. 
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minerals,  coupled  with  the  fiict  that  the  amount  of  silica  and  water 

in  the  two,  as  already  examined,  was  the  same,  and  also  the  sum 

of  the  oxides  of  iron  and  alumina  in  the  owenite  were  equal  to 

the  sum  of  the  oxides  of  iron  in  the  thuringite.    To  settle  th& 

question  it  became  necessary  to  re-examine  thuringite,  of  which  I 

obtained  a  specimen  from  Mr.  Markoe,  coming  from  the  original 

locality.     It  was  slightly  altered  by  the  action  of  the  air,  but  this 

could  interfere  only  with  the  correct  estimate  of  the  protoxide  of 

iron.     Its  specific  gravity  was  3.186,  and  its  composition 

Silica 22.05 

Peroxide  of  iron 17.66 

Alumina 16.40 

Protoxide  of  iron 30.78 

Magnesia 89 

Soda \  1^ 

Potash /  '^^ 

Water 11.44 

^  99.86 

The  perpxide  of  iron  is  a  little  higher  and  the  protoxide  a 

little  lower  than  in  the  analysis  of  owenite,  but  this  arose  from 

the  partial  decomposition  of  the.  specimen.    The  correct  analysis 

of  thuringite  is  that  first  given,  and  the  formula  deduced  by  Mr. 

Oenth  from  it  is  to  be  looked  upon  as  the  correct  one — namely, 

2B3  gi-ffi3  *si-[-6fi,  corresponding  to  the  oxygen  ratio  for  R,  fi,  Si,  fi, 

1:1.5:1.5:1. 

In  looking  over  some  minerals  placed  in  my  hands  by  Mr. 

Markoe,  I  have  found  a  specimen  of  thuringite  coiping  from  the 

Hot  Springs  of  Arkansas.     Its  identity  is  made  out  without  the 

slightest  ^ifiiculty,  as  all  its  physical  characters  correspond  most 

perfectly  with  the  thuringite,  its  specific  gravity  being  3.184  and 

composition 

Silica •. 28.70 

Peroxide  of  iron 12.18 

Alumina 16.64 

Protoxide  of  iron 88.14 

Magnesia 1.85 

Manganese i  1.16 

Soda \  j.„ 

Potash r 

Water 10.90 

99.74 
An  interesting  fact  connected  with  this  mineral,  as  shown  by 
this  investigation,  is,  that  although  not  crystalline,  or  at  least  very 
obscurely  so,  yet  coming  as  it  does  from  three  localities  so  widely 
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separated  as  Thiiringia,  the  Potomac,  and  Arkansas,  it  is  neverthe- 
less found  quite  unmixed  with  any  other  mineral,  as  the  analyses 
indicate. 

41.  Xenotime  op  Georgia. 

In  examining,  a  few  years  ago,  some  of  the  residue  of  gold 
washings  from  Clarksville,  Georgia,  in  the  possession  of  Professor 
Gibbes,  of  Charleston,  I  observed  some  small  octahedral  crystals 
associated  with  zircon,  titaniferous  iron,  and  kyanite.  Two  or  three 
of  the  most  perfect  were  selected ;  and  having  no  goniometer  at 
hand,  they  were  sent  to  M.  Teschemacher,  who  referred  them,  after 
a  partial  examination,  to  zircon.  Prof  Gibbes  subsequently  ex- 
amined their  form,  and  pronounced  them  xenotime  (Amer.  Jour. 
Science  and  Arts,  2d  series,  xiii,  143).  Since  then,  from  material 
that  had  been  placed  in  my  hands  by  that  gentleman,  nearly  a 
gramme  of  the  substance  has  been  procured,  and  upon  that  the 
following  examination  has  been  made. 

Some  of  the  crystals  are  exceedingly  short  prisms,  surmounted 
by  four-sided  pyramids,  but  most  of  them  are  without  the  prism, 
the  summits  coming  together  forming  a  flattened  octahedron.  The 
measurements  made  were :  over  the  pyramidal  edge  123®  IV;  over 
basal  81®  30';  face  of  pyramid  on  prism  131°  40'.  The  above  meaa- 
urements  can  be  made  with  perfect  accuracy ;  not  so  the  faces  of 
the  prisms  on  each  other ;  and,  as  far  as  I  could  make  it  out,  I  am 
inclined  to  think  that  they  are  not  square  prisms,  but  rhombic 
prisms  of  93°.  Its  hardness  is  4.5,  specific  gravity  4.54,  and  the 
physical  characters  those  given  for  xenotime. 

It  was  decomposed  by  fusion  with  carbonate  of  soda  and  silica, 
and  analyzed  with  the  following  results : 

Phosphoric  acid 32.45 

Yttria 64.13 

Oxide  of  ceriam  (with  a  little  La  and  t>) 11.03 

Oxide  of  iron 2.06 

Silica 89 

100.56 
This  analysis  will  be  seen  to  differ  from  that  of  the  xenotime 
of  Hitteroe,  Sweden,  by  Berzelius,  in  that  a  portion  of  the  yttria 
is  replaced  by  the  oxide  of  cerium.     The  formula  represented  by 
the  analysis  is,  however,  the  same ;  namely,  (Y,  Ca)3P. 

Great  care  was  taken  in  the  separation  of  the  oxide  of  cerium, 
which  after  being  peroxidized  by  heat  yielded  but  little  to  dilute 
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nitric  acid,  indicative  of  the  presence  of  but  a  small  quantity  of 
the  oxides  of  lanthanum  and  didymium. 

42.  Lanthanite. 

This  mineral  was  first  observed  in  America  by  Mr.  W.  P.  Blake, 
and  described  in  the  American  Journal  of  Science  and  Arts,  Sep- 
tember, 1853;  it  was  obtained  by  Mr.  Blake  from  Bethlehem, 
Lehigh  County,  Pa.,  where  only  one  specimen  had  been  found.  It 
was  handed  to  me  for  examination,  and  ascertained  to  be  carbonate 
of  lanthanum ;  the  analysis  made  was  given  in  the  original  descrip- 
tion of  the  mineral.  Since  then  I  have  made  another  analysis  on 
a  portion  remaining  in  my  possession ;  and,  although  not  differing 
from  the  former  one,  it  is  thought  proper  to  insert  it  in  this  paper. 

1  2 

Water 24.21  24.09 

Carbonic  acid 21.96  22.68 

Protoxide  of  lanthanum  (with  some  oxide  of  didymium). .     66.08  64.90 

101.19  101.67 
No.  2  is  the  analysis  already  published  in  the  paper  before 
mentioned.  In  both  instances  there  was  an  excess,  owing  to  the 
peroxidation  of  a  portion  of  the  lanthanuni — a  circumstance  that 
can  not  be  avoided,  nor  do  we  know  how  to  allow  for  it  in  our 
calculation.  This  mineral  has  the  same  formula  as  the  artificial 
carbonate,  namely.  La  C-}-8i[= carbonic  acid  21.11,  oxide  of  lantha- 
num 52.94,  water  25.95. 

The  only  other  known  locality  of  this  mineral  is  Bastnas  in 
Sweden ;  it  is  there  found  only  as  a  coating  to  cerite,  and  doubtless 
was  not  obtained  in  a  perfectly  pure  state  by  Hisinger,  who  gave 
as  its  formula  La^  C-j-3lt.  I  have  no  doubt  as  to  the  minerals  being 
identical,  and  that  whenever  the  Bastnas  variety  is  obtained  crystal- 
lized it  will  prove  to  have  the  same  composition  as  the  Bethlehem 
variety. 

43.  Manqano-maqnesian  Alum  from  Utah. 

This  alum  was  observed  a  few  years  ago  by  Dr.  Gale  among 
specimens  brought  from  the  Salt  Lake,  in  Utah,  by  Mr.  Stansbury. 
It  occurs  at  a  place  called  Alum  Point,  and  was  considered  alto- 
gether a  manganese  alum,  of  which  Dr.  Gale  gave  what  he  then 
stated  he  considered  an  imperfect  analysis  (American  Journal  of 
Science  and  Arts,  vol.  xv,  2d  series,  434) : 

S  18.0  Mn  8.9  'A\  4.0  ^  78.0 
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Being  desirous  of  having  it  more  carefully  analyzed,  Dr.  Gale 
placed  in  my  bands  the  specimen  which  is  the  subject  of  the  pres- 
ent investigation.  It  was  not  received  as  it  occurs  at  the  locality, 
but  had  been  recrystallized,  and  consisted  of  delicate  needle-shaped 
crystals,  adhering  in  small  masses.  It  dissolves  very  readily  in 
water;  in  &ct  so  soluble  is  it  that  it  is  difficult  to  decide  the 
amount  of  water  requisite  for  its  complete  solution.  It  crystallizes 
from  solution  in  the  form  of  delicate  crystals  with  a  plumose  aggre- 
gation.    On  analysis  it  furnished 

1  2 

Alumina 10.40  10.65 

Magnesia 6.94  5.66 

Manganese 2.12  2.41 

Sulphuric  acid 85.86  36.92 

Oxide  of  iron 15  .09 

Potash 20  .20 

Water 46.00  46.75 

100.66  101.67 

This  analysis  shows  an  amount  of  protoxides  d  little  too  high 
for  the  requisites  of  the  formula  of  alum ;  but  this,  however,  is  of 
frequent  occurrence  in  the  natural  alums,  owing  to  admixture  of 
impurities.  ,This  variety  of  alum  has  been  before  observed  by 
Stromeyer,  and  was  brought  from  a  cave  in  Southern  Africa.  Its 
formula  is  (Mg,Mn)Si+*lS3-j-24ia. 

44.  Apophylltte. 

The  specimen  of  this  mineral  examined  came  from  Lake  Supe- 
rior. It  is  eminently  lamellar  in  its  structure,  and  was  placed  in 
my  hands  as  being  possibly  diaspore ;  its  luster  is,  however,  much 
more  pearly  than  this  latter  mineral.  Its  specific  gravity  is  2.37 
and  its  constitution 

Silica 62.08 

Lime 25.30 

Potash 4.93 

Fluor 96 

Water 16.92 

99.19 

45.  Shreibersite  (of  Patera). 

This  meteoric  mineral  occurs  in  the  American  meteorites  in 
more  abundance  than  has  usually  been  supposed,  as  was  fully 
shown  in  a  communication  made  to  the  American  Association  for 
the  Advancement  of  Science,  in  April,  1854 ;  and  as  that  memoir 
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will  be  published  in  full  in  the  American  Journal  of  Science  and 
Arts,  nothing  farther  than  the  mere  statement  of  the  analysis  of 
this  mineral  is  here  given.     G= 7.017. 

1 

Iron 57.22 

Nickel 25.82 

Cobalt 32 

Copper trace  not  est.  

Phoephorus 13.92  14.86 

Silica 1.62' 

Alumina 1.68 

Lime trace  not  est. 

Chlorine 18 


2 

3 

56.04 

56.53 

26.43 

28.02 

.41 

.28 

not  estimated. 


100.66  99.69 

Nos.  1  and  2  were  separated  mechanically  from  the  meteoric 
iron;  No.  3  chemically.  The  silica,  alumina,  and  lime  were  almost 
entirely  absent  from  No.  3 ;  and  in  the  other  specimen  it  is  due  to 
a  siliceous  mineral  that  I  have  found  attached  in  small  particles 
to  the  shreibersite,  and  of  which  I  have  preserved  one  or  two 
small  specimens.  The  formula  of  shreibersite  I  consider  to  be 
Ni^Fe^P. 

Per  cent. 

Phosphorus,  1  atom 16.47 

Nickel,  2     -     29.17 

Iron,  4      " 55.36 

Further  particulars  of  this  mineral  will  be  found  in  the  paper 
already  referred  to. 

46.  Protosulphuret  op  Iron. 

This  sulphuret  is  the  one  found  in  the  meteoric  irons  of  this 
country.  The  specimen  examined  came  from  Tennessee ;  its  specific 
gravity  is  4.75.  Its  composition  is  different  from  that  of  magnetic 
pyrites,  although  some  authors  consider  the  magnetic  pyrites  a 
protosulphuret,  an  inference  not  sustained  by  analysis.  The  min- 
eral in  question  afforded  me 

Iron 62.38        Copper trace 

Sulphur 35.67        Silica 56 

Nickel 32        Lime 08 

The  formula  Fe  S  requires  sulphur  36.36,  iron  63.64=100. 
Further  remarks  on  this  mineral  will  be  found  in  the  paper  on 
meteorites. 

12 
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47.  Cuban. 

This  variety  of  copper  pyrites  was  first  noticed  by  Breithaiipt 
as  occurring  among  the  copper  ores  of  Cuba.  Desiring  to  re- 
examine it,  specimens  were  obtained  from  Prof.  Booth ;  they  were 
massive  and  not  perfectly  pure,  furnishing  an  insoluble  residue 
consisting  of  silica  and  oxide  of  iron,  which  are  very  prolmbly 
combined.     Its  specific  gravity  was  4.180,  and  its  composition 

1  2  3 

Iron ■   37.10  

Copper 18.23  19.10  19.00 

Sulphur 39.67  39.20  39.30 

Residue  (silica  and  oxide  of  iron).       4.23  

99.13 

This  seems  to  substantiate  the  formula  already  received  (agree- 
ing with  the  analysis  of  Prof.  Booth),  CuS+Fe^'S^  pyrites  l>eing 
Cu'S+Fe'S3=siilphur  42.28,  copper  20.82,  iron  36.90. 


MINERALS  OF  THE  WHEATLEY  MINE,  PENNSYLVANIA.*^ 

Before  describing  the  minerals  of  this  mine  it  is  well  to  say  a 
word  with  reference  to  its  location,  and  also  to  quote  some  remarks 
on  the  geology  of  the  surrounding  country  by  Prof.  H.  D.  Rogers. 
Although  this  is  departing  from  the  plan  usually  adopted  in  thi.-? 
series  of  papers,  still  the  occurrence  of  all  the  minerals  here 
described  at  one  locality  can  not  but  render  the  geology  of  the 
place  interesting  to  mineralogists. 

This  mine  is  situated  in  Chester  County,  near  Pha^nixville, 
Pennsylvania,  and  is  one  of  several  interesting  developments  of 
a  thorough  and  very  able  exploration  of  this  region  by  Mr.  Charle.^ 
M.  Wheatley.  At  the  request  of  Mr.  Wheatley,  Prof.  Rogers  made 
a  geological  examination  of  the  metalliferous  veins  of  this  district, 
and  the  following  remarks  are  taken  from  his  report : 

"  Those  veins  belong  to  a  group  of  load  and  copper-bearing  lodes  (»f  a 
very  interesting  charaoter,  which  form  a  metalliferous  zone  that  ranges  in  a 
general  eawt  and  west  direction  across  the  Schuylkill  River,  near  the  lower 
stretches  of  the  Perkiomen  and  Pickering  ci-eeks  in  Montgomery  and  Chester 
counties,  and  bids  fair  to  constitute  at  no  distant  day  a  quite  pn)ductive 
mineral  region. 

*Amer.  Assoc.  Proc,  1855,  pp.  190-204;  Silliman's  Journ.  xx.  1855,  pp. 
•242-253;  Erdm.  Journ.  Prak.  Chem..  Ixvi,  1855,  pp.  432-437. 
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"  The  individual  veins  of  this  rather  numerous  group  are  remarkable  for 
their  general  mutual  parallelism,  their  average  course  being  about  N.  31® — 
155°  E.  by  compass,  and  not  at  all  coincident  with  that  of  the  belt  of  country 
which  embraces  them.  They  are  true  lodes  or  mineral  injections,  filling  so 
many  dislocations  or  fissures  transverse  to  the  general  direction  of  the  strata 
which  they  intersect.  The  metalliferous  belt  ranges  not  far  from  the  boundarj^ 
which  divides  the  gneissic  or  metamorphic  rocks  of  Chester  County  from  the 
middle  secondary  red  shale  and  sandstone  strata. 

"  This  vein  varies  in  thickness  from  a  few  inches  to  about  two  and  a  half 
feet,  and  we  may  state  its  average  width  at  not  less  than  eighteen  inches.  It 
is  bounded  by  regular  and  well-defined,  nearly  parallel  walls,  the  prevailing 
material  of  which  is  a  coarse,  soft  granite,  composed  chiefly  of  white  feldspar 
and  quartz. 

"  It  would  seem  to  be  a  pretty  general  fact  that  such  of  these  veins  as  are 
confined  entirely  or  chiefiy  to  the  gneiss  bear  lead  as  their  principal  metal ; 
whereas  those  which  are  included  solely  within  the  red  shale  are  character- 
ized by  containing  the  ores  of  copper.  But  the  zinc  ores — viz.,  zinc  blonde 
and  calamine — prevail  in  greater  or  less  proportions  in  both  sets  of  veins, 
existing  perhaps  in  a  rather  larger  relative  amount  in  the  copper-bearing 
lodes  of  the  red  shale. 

"  The  gneiftsic  strata  of  the  tract  embracing  this  group  of  lead-bearing 
veins  seem  to  nliffer  in  no  essential  features  from  the  rest  of  the  formation 
ranging  eastward  and  westward  through  this  belt  of  country.  Here,  as  el.«e- 
wbere,  they  consist  chiefiy  of  soft,  thinly-bedded,  micaceous  gneiss ;  a  more 
dense  and  ferruginous  hornblendic  gneiss;  and  thirdly,  a  thicker  bedded 
granitic  gneiss,  composed  not  unfrequently  of  little  else  than  the  two  min- 
erals, quartz  and  feldspar. 

"  Penetrating  this  quite  diversified  formation  are  innumerable  injections 
of  various  kinds  of  granite,  greenstone-trap,  and  other  genuine  igneous  rocks. 
The  granites,  a.^  throughout  this  region  generally,  consist  for  the  most  part 
of  a  coarse  binary  mixture  of  quartz  and  opaque  white  feldspar,  tending 
easily  to  decomposition.  This  rock  abounds  in  the  form  of  dykes  and  veins, 
sometimes  cutting  the  strata  of  gneiss  nearly  vertically,  but  often  partially 
conforming  with  its  planes  of  bedding  for  a  limited  space,  and  then  branch- 
ing through  or  expiring  in  it  in  transverse  or  tortuous  branches.  A  not 
uncommon  variety  of  granitic  dyke  is  a  simple  syenite  composed  of  quartz, 
greenish  semi-tran.slucent  feldspar,  and  a  smaller  proportion  of  dark-green 
hornblende.  A  soft,  white,  and  partially  decomposed  granite  is  a  very 
frequent  associate  of  the  stronger  lead-bearing  veins,  particularly  in  their 
more  productive  portions ;  but  this  material  belongs,  in  all  probability,  not 
to  the  ancient  granitic  injections  of  the  gneiss,  but  to  those  much  later  metal- 
liferous intrusions  which  filled  long  parallel  rents  in  that  formation  with  the 
lead  ores  and  their  a.ssociated  minerals. 

**  The  gneissic  strata  and  their  granitic  injections  throughout  this  district 
display  a  softened,  partially  decomposed  condition,  extending  in  many  places 
to  a  depth  of  twenty  fathoms. 
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"  Of  the  dozen  or  more  lead  and  copper  lodes  of  greater  or  less  size 
brought  to  light  in  this  quite  limited  region  of  five  or  six  miles  length  and 
two  or  three  miles  breadth,  the  greater  number  are  remarkably  similar  in 
their  course,  ranging  N.  32°— 86°  E.  and  S.  82°— 36°  W. ;  and,  what  is  equally 
worthy  of  note,  they  dip  with  scarcely  an  exception  toward  the  same  quarter, 
or  southeastw^ardly,  though  in  some  instances  so  steeply  as  to  approach  the 
perpendicular. 

"  There  is  no  marked  difference  in  the  general  character  of  the  vein- 
stones of  the  several  mineral  lodes,  nor  any  features  to  distinguish  as  a  class 
those  of  the  red  shale  from  those  of  the  gneiss." 

The  minerals  found  in  these  veins  are  quite  numerous,  and 
among  them  there  are  specimens  of  species  hardly  equaled  in 
beauty  by  those  coming  from  any  other  locality.  Prof.  Silliman, 
in  his  report  on  the  minerals  of  this  mine  exhibited  at  the  Crys- 
tal Palace,  says  that  the  specimens  of  sulphate  and  molybdate  of 
lead  are  the  most  magnificent  metallic  salts  ever  obtained  in  lead- 
mining,  and  unequaled  by  any  thing  to  be  seen  in  the  cabinets 
of  Europe. 

48.  Anglesite. 

This  mineral  is  found  abundantly  and  in  beautiful  crystals  at 
this  locality.  The  magnificence  of  many  of  the  specimens  can 
only  be  realized  by  seeing  those  in  Mr.  Wheatley's  Qabinet.  The 
crystals  are  remarkable  for  their  size  and  transparency — in  some 
instances  they  weigh  nearly  half  a  pound,  being  as  transparent  as 
rock  crystal  in  nearly  every  part.  Crystals  with  terminations  at 
both  ends  have  been  obtained  five  and  a  half  inches  in  length  by 
one  and  a  half  in  thickness ;  perfectly  limpid  crystals  an  inch  in 
length  are  quite  common. 

The  following  are  some  of  the  forms  : 

1.— 0,  00, 1-^0 

2. — 0,  ^-00,  00-00, 1,  00, 1-2,  1-00,  00-00 

3.— 0,  i-5o,  i-5o,  OD,  1-2,  2-4 

4.-0,  i-5o ,  oc-^,  H,  1,  00, 1-2,  2-4,  l-oo 

Sometimes  the  crystals  of  this  mineral  are  full  of  cavities,  and 
of  a  milk-white  color ;  but  these  do  not  differ  in  composition  from 
the  colorless  and  transparent  forms.  It  also  occurs  in  circular 
crystals. 

It  is  sometimes  colored.  There  is  a  black  variety  produced  by 
the  more  or  less  perfect  admixture  of  the  sulphurets  of  lead  and 
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copper  (containing  traces  of  silver)  in  the  mass  of  the  crystals, 
whose  form  is  not  altered.  There  are  crystals  of  a  delicate  green 
color  arising  from  carbonate  of  copper,  and  others  of  a  yellow  color 
due  to  oxide  of  iron. 

The  transparent  and  colorless  variety  is  remarkably  pure.  Its 
specific  gravity  is  6.35.     On  analysis  it  afforded 

1  2 

Sulphuric  acid 26.78  26.61 

Oxide  of  lead 73.31  73.22 

Silica 20  

100.29  99.83 

according  very  precisely  with  the  formula  l»l)  §. 

I  would  call  attention  to  the  method  of  analyzing  this  sulphate, 
as  described  in  another  paper,  for  it  was  a'halyzed  in  the  moist  way 
by  dissolving  it  first  in  citrate  of  ammonia. 

The  anglesite  of  this  mine  is  found  variously  associated.  It  is 
common  to  find  it  in  geodic  cavities  in  galena,  the  cavities  being 
lined  with  hematite  varying  in  thickness  from  ^  to  \  an  inch  or 
more,  and  often  this  hematite  contains  anglesite  intimately  mixed 
in  the  mass.  It  may  occur  in  crystals  occupying  a  portion  of  the 
geode,  or  it  may  fill  its  entire  capacity,  assuming  the  form  of  the 
cavity.  It  is  also  found  compacted  in  the  galena  without  the  ap- 
pearance of  any  cavity  or  the  presence  of  any  other  mineral ;  acic- 
ular  crystals  occur  diffused  through  the  galena.  Observed  also 
on  copper  pyrites,  with  a  thin  layer  of  hematite  intervening  be- 
tween the  crystal  and  the  pyrites — on  crystals  of  zinc-blende  in 
quartz — on  quartz  associated  with  pyromorphite — on  galena  with 
crystals  of  sulphur — on  calc-spar  without  any  associate.  One  very 
interesting  specimen  consists  of  a  flattened  crystal  an  inch  square, 
having  a  delicate  crystal  of  calc-spar  over  an  inch  and  a  half  in 
length  perforating  the  center  and  around  which  the  sulphate  ap- 
pears to  have  formed.  It  is  also  found  on  fluor-spar  without  asso- 
ciate. 

Some  of  the  most  beautiful  specimens  are  where  large  crystals 
of  anglesite  are  covered  with  crystals  of  carbonate  of  lead,  these 
latter  frequently  penetrating  the  anglesite. 

49.  Cerusite. 

The  crystals  of  this  mineral,  though  not  as  large  as  those  ot 
anglesite,  are  yet  exceedingly  beautiful,  both  in  size  as  well  as 
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transparency.  The  twin  crystals  are  often  two  inches  broad,  trans- 
parent, and  presenting  the  appearance  of  the  spread  wing  of  a 
butterfly.  Some  of  the  single  crystals  are  an  inch  in  length  and 
half  an  inch  thick. 

A  transparent  crystal  weighing  five  grammes  gave  a  specific 
gravity  of  6.60,  and  on  analysis  furnished 

Carbonic  acid 16.38  \  _-f>v  /n 

Oxide  of  lead 83.76  /  — ^^  ^ 


100.14 
It  occurs  in  hematite,  coating  galena  in  a  manner  similar  to 
the  anglesite,  and  associated  with  it ;  also  in  connection  with  pyro- 
morphite,  which  often  colors  the  entire  body  of  the  crystals  of 
cerusite.  It  is  found  on  galena  without  the  association  of  any 
other  mineral ;  on  green  and  blue  carbonate  of  copper ;  on  pyro- 
morphite,  which  often  covers  the  entire  surface  of  the  cerusite 
crystals,  imparting  to  them  an  opaque  yellowish-green  color;  on 
oxide  of  manganese,  in  snow-white  crystals,  without  any  other  asso- 
ciate ;  upon  hematite  in  a  similar  manner.  Mammillary  masses  of 
the  hematite  sometimes  pass  through  the  crystals.  Some  few  spec- 
imens have  been  found  consisting  of  crystals  of  galena,  with  a 
number  of  very  fine  hemitrope  crystals  of  cerusite  on  the  surface. 
The  cerusite  is  occasionally  covered  with  an  exceedingly  thin  coat 
of  oxide  of  iron,  giving  the  crystals  a  dark-red  appearance ;  and 
some  of  them  again  with  a  very  thin  layer  of  pyromorphite,  as 
delicate  as  if  it  had  been  put  on  with  a  brush. 

The  cerusite  is  sometimes  colored — black,  green,  and  yellow — 
in  a  manner  similar  to  that  mentioned  under  anglesite. 

50.    WULFENITE. 

This  mineral  is  found  in  small  crystals  of  every  shade  of  color 
from  a  light-yellow  to  a  bright-red.  It  has  been  found  in  some 
abundance,  forming,  from  the  manner  of  its 
occurrence,  very  beautiful  specimens.  The 
crystals  present  a  variety  of  modified  forms, 
txibular  and  octahedral,  one  of  which  is  here 
figured. 

Other  forms  are  0,  1. 

o,j,i.  ^■^- 

0,  j^y  00-00.     (Fig.  1.)     Specific  gravity  of  a 
dark-yellow  variety,  6.95. 
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The  composition  of  both  the  yellow  and  red  varieties  was  de- 
termined. The  difference  of  color  is  due  to  the  presence  of  van- 
adic  acid  in  the  red  varieties,  and  the  intensity  of  color  is  propor- 
tional to  the  amount  of  vanadic  acid,  which  in  no  instance  is  much 
more  than  one  per  cent. 

The  analyses  afforded 

Yellow  variety.  Red  variety. 

Molybdic  acid 38.68  37.47 

Vanadic  acid 1.28 

Oxide  of  lead {)0.48  60.30 

99.16  99.05 

The  second  corresponds  very  nearly  to  97  per  cent  of  molyb- 
date  and  3  per  cent  of  vanadate  of  lead.  As  the  last  substance 
varies  in  quantity,  it  can  not  be  regarded  as  giving  a  distinct  spe- 
cific character  to  the  mineral.  This  mineral  has  been  described 
as  a  chromo-molyb<late  of  lead,  but  by  the  most  careful  examina- 
tion only  a  trace  of  chromium  can  be  detected.  In  fact,  the  quan- 
tity is  so  minute  as  to  require  further  examination  in  larger  quan- 
tities to  place  the  matter  beyond  a  doubt. 

Wulfenite  occurs  alone  on  crystallized  and  cellular  quartz,  or 
associated  with  pyromorphite,  whose  beautiful  green  color  is  often 
very  much  enhanced  by  the  contrast  of  the  yellow  and  red  crystals 
on  its  surface. 

Sometimes  the  wulfenite  forms  the  mass,  and  crystals  of  pyro- 
morphite are  sparsely  disseminated  over  the  surface.  It  is  also 
found  in  decomposed  granite — on  carbonate  of  lead  and  oxide  of 
manganese — ^also  associated  with  vanadate  of  lead. 

51.  Vanadate  op  Lead  (Descloizite?). 

This  species  has  never  before  been  remarked  among  American 
minerals,  although  the  chloro-vanadate  (vanadinite)  was  first  dis- 
covered in  Mexico.  This  adds  another  to  the  list  of  curious  min- 
erals from  the  Wheatley  Mine.  It  was  noticed  about  a  year  ago  in 
the  form  of  a  dark-colored  crystalline  crust,  covering  the  surface 
of  some  specimens  of  quartz  and  ferruginous  clay  associated  with 
other  minerals.  Observed  with  a  magnifying  glass,  it  is  seen  to 
consist  principally  of  minute  lenticular  crystals,  grouped  together 
in  small  botryoidal  masses.  The  crystalline  structure  is  perfect. 
Thus  seen,  the  color  of  the  mass  is  of  a  dark-purple,  almost  black. 
When  seen  by  transmitted  light,  the  color  is  dark  hyacinth-red  and 
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translucent.  The  streak  is  dark-yellow.  From  the  difficulty  of 
obtaining  any  quantity  of  sufficient  purity,  nothing  accurate  can 
be  stated  with  reference  to  its  specific  gravity  and  hardness ;  and 
for  the  purpose  of  analysis  I  was  obliged  to  use  material  which, 
although  containing  pure  crystals  of  the  vanadate,  was  yet  mixed 
with  crystals  of  molybdate  of  lead  and  other  impurities. 

The  chemical  analysis  is  an  imperfect  one,  yet  the  best  that  can 
be  made  from  the  mineral  as  it  has  been  found.     It  is  as  follows : 

Vanadic  acid 1 1.70 

Molybdic  acid 20.14 

Oxide  of  lead 66.01 

Oxides  of  iron  and  manganese,  i  r  on 

Alumina i '^' 

Oxide  of  copper 1.13 

Sand 2.21 

Water 2.94 

99.08 

If  we  subtract  the  amount  of  oxide  of  lead  requisite  to  form 
wulfenite  with  the  molybdic  acid  present,  we  have  left  22.82  i)er 
cent,  which  is  combined  with  11.70  of  vanadic  acid,  making  a 
compound  corresponding  to:  vanadic  acid,  66.1;  oxide  of  lead, 
33.9=100. 

This  result  is  not  considered  precise.  It  corresponds,  however, 
more  nearly  with  the  composition  of  descloizite,  as  given  by  Dam- 
our  (l>b^  V=V  29.3,  l»b  .  .  .  70.7),  than  with  dechenite  by  Bergmann 
(Pb  V=y  45.34  -pb  54.G6).* 

The  composition  of  descloizite  can  not  be  considered  as  having 
been  fairly  made  out ;  for  Damour's  results  are  deduced,  as  mine 
have  been,  from  a  very  impure  material,  and  may  on  future  exam- 
ination prove  to  be  "ph^  V* ;  corresponding  in  composition  to  the 
chromate  of  lead  called  melanochroite.  This  mineral  has  as  yet 
been  found  only  in  small  quantity  at  this  mine,  associated  with 
oxide  of  manganese  and  wulfenite,  the  crystals  of  this  latter  sub- 
stance being  more  or  less  covered  with  minute  crystals  of  the  van- 
adate. 

52.  Pyromorphite. 

There  are  several  shades  of  color  belonging  to  this  mineral ;  a 
green  so  dark  as  to  be  almost  black,  olive-green,  pea-green,  leek- 
green,  greenish  yellow,  and  all  intermediate  shades.     It  is  a  very 

*  Descloizaux  has  since  verified  this  view  by  its  crystalline  form. 
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abundant  ore  at  the  Wheatley  Mine,  and  large  quantities  of  it  are 
smelted.  Specimens  of  great  beauty  are  found  occurring  in  botry- 
oidal  masses,  with  columnar  structure,  perfect  hexagonal  prisms, 
with  the  summits  more  or  less  modified.  Crystals  are  found  one 
half  inch  in  diameter.  Some  of  the  crystals  are  hollow,  with  only 
a  hexagonal  shell.  Sometimes  the  crystals  are  agglomerated  in  a 
plumose  form. 

A  dark  green  variety  gave  a  specific  gravity  of  6.94.  No 
analysis  was  made  of  this  mineral,  as  it  will  be  embraced  in  an 
examination  of  the  American  pyromorphites. 

It  is  found  in  decomposed  granite,  on  quartz  crystals,  occasion- 
ally covering  their  entire  surface ;  in  cellular  quartz  with  molyb- 
date  of  lead ;  in  large  masses  of  grouped  crystals  with  small  crys- 
tals of  yellow  and  red  molybdate  inserted  on  crystals  of  sulphate 
and  carbonate  of  lead,  and  forming  a  coating  to  large  surfaces  of 
galena. 

53.    MiMETENE. 

The  specimens  of  this  mineral  that  have  been  found,  although 
few  in  number,  are  remarkable  for  their  beauty  of  crystallization. 
Some  of  the  crystals  are  nearly  colorless  and  perfectly  transparent ; 
others  of  a  lemon-yellow,  either  pure  or  tinged  with  green.  The 
form  is  that  of  a  perfect  hexagonal  prism,  the  edges  of  the  summit 
most  commonly  truncated,  often  to  such  an  extent  as  to  terminate 
the  crystal  with  a  hexagonal  pyramid.  The  crystals  are  sometimes 
as  small  as  a  hair,  and  a  quarter  of  an  inch  or  more  in  length,  and 
again  they  are  so  broad  and  short  as  to  form  hexagonal  plates  half 
an  inch  across. 

A  specimen  of  the  lemon-yellow  variety  was  examined ;  it  gave 
a  specific  gravity  of  7.32,  and  was  found  to  contain 

Arsenic  acid 23.1 7 

Chlorine 2.89 

Oxide  of  lead 67.06 

Lend 6.99 

Phosphoric  acid 14 

99.74 

corresponding  to  arsenate  of  lead  80.21,  chloride  of  lead  9.38= 
n^ls-fJPbCl. 

This  specimen  of  mimetene  is  seen  to  be  almost  free  from 
phosphoric  acid,  containing  only  about  one  tenth  of  a  per  cent, 
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in  this  respect  resembling  that  from  Zacatecas  as  analyzed   by 
Bergmann. 

This  mineral  is  found  in  granite  or  quartz.  It  is  also  associated 
with  pyromorphite,  and  sometimes  the  two  run  together  so  as  to 
present  no  distinct  line  of  demarkation  between  them;  some  of 
the  specimens  consist  of  the  two  minerals,  the  pyromorphite  occu- 
pying one  entire  surface  and  mimetene  the  opposite  surface,  and 
between  various  shades  of  the  mixture.  It  has  been  found  with 
gnlena  and  carbonate  of  lead. 

54.  Galena. 

The  compact,  fibrous,  and  crystallized  varieties  of  galena  occur 
at  this  mine.  Fine  crystals  are  found,  either  a  perfect  cube,  cube 
with  modified  edges  and  angles,  octahedron  and  rhombic  dodeca- 
hedron often  very  much  flattened  out,  and  occasionally  rounded 
to  an  almost  globular  form ;  these  rounded  crystals  are  usually 
covered  with  pyromorphite.  The  galena  is  sometimes  cellular, 
arising  from  partial  decomposition,  the  exterior  portion  presenting 
a  black,  drusy  appearance,  the  interior  of  a  bright  steel  color ;  this 
variety  is  particularly  rich  in  silver,  and  also  contains  crystals  of 
sulphur. 

The  galena  is  argentiferous,  giving  an  average  yield  of  thirty 
ounces  to  the  ton.  It  is  found  associated  with  quartz,  calcite,  and 
fluor-spar,  frequently  inserted  in  the  crystals  of  these  substances ; 
it  is  also  a  common  associate  of  all  the  minerals  of  this  locality. 
Some  of  the  cubical  crystals  have  their  surfaces  partly  decomposed 
and  covered  with  a  layer  of  crystals  of  carbonate.  Specimens  are 
found  of  very  large  cubical  and  octahedral  crystals,  forming  slabs 
.several  square  feet  in  surface,  completely  covered  with  a  layer  of 
leek-green  phosphate.  The  cavities  of  the  galena  frequently  con- 
tain sulphur. 

55.  Copper. 

Native  copper  is  found  only  in  delicate  films  on  hematite  or 
quartz  crystal,  and  forms  an  interposing  layer  lietween  the  hema- 
tite and  copper  pyrites. 

56.  Copper  Pyrites. 

Copper  pyrites  is  found  in  some  cases  in  suflScient  quantity  to 
be  worked  as  an  ore;   some  of  the  masses  are  of  considerable 
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size,  weighing  three  or  four  hundred  pounds.     Fine  crystals  are 
obtained,  both  tetrahedral  and  octahedral.     It  affords  on  analysis 

Sulphur 36.10 

Copper 32.85 

Iron 29.93 

Lead ' 35 

99.23 

It  occurs  alone  and  associated  with  the  other  sulphurets.     It 

is  found  in  various  parts  of  the  vein,  there  being  no  special  point 

of  deposit. 

57.  Malachite. 

Malachite  occurs  in  small  reniform  masses,  consisting  of  fibrous 
crystals,  and  of  a  bright  green  color ;  also  in  silky  tufts  of  a  very 
light  green  color,  which  are  associated  with  azurite  and  carbonate 
of  lead.     Its  specific  gravity  is  4.06.     An  analysis  gave 

Carbonic  acid 19.09 

Oxide  of  copper 71.46 

Water 9.02 

Oxide  of  iron .12 

99.69 
affording  the  formula  OuC-f  Oult.  It  is  associated  with  the  vai'ious 
ores  of  copper  and  lead  of  the  Wheatley  Mine,  and  sometimes  so 
thoroughly  diffused  through  the  sulphate  and  carbonate  of  lead 
as  to  give  them  a  uniform  green  tint.  It  is  not  found  in  any 
quantity. 

58.  Azurite. 

This  mineral,  although  rare,  is  found  in  beautiful  crystals,  some 
measuring  from  one  fourth  to  one  half  an  inch  across,  of  a  deep- 
blue  color,  and  highly  polished  faces.  Its  specific  gravity  is  3.88. 
An  analysis  gave 

Carbonic  acid 24.98 

Oxide  of  copper 69.41 

Water 5.84 

100.23 
giving  the  formula  2Cu  0+Cu  tl.    This  species  occurs  in  similar 
associations  with  the  malachite ;  it  is,  however,  rarer. 

59.  Zinc-blend^. 

Blende  is  found  in  considerable  quantity,  both  massive  and 
crystallized.     Some  of  the  crystals  are  exceedingly  beautiful  and 
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of  large  size,  being  three  or  four  inches  in  diameter,  and  with  very 
brilliant  surfaces.  The  colors  are  dark  hair-brown  and  black,  the 
brown  being  transparent.  The  specimens  from  this  locality  are 
hardly  surpassed  by  those  from'  any  other  mine.  A  specimen  that 
was  analyzed  gave  the  following  results : 

Sulphur 88.82 

Zinc 64.39 

Cadmium 98 

Copper 32 

Lead .78 

100.29 
It  is  proposed  to  examine  yet  other  specimens,  to  see  if  there 
may  not  be  larger  amounts  of  cadmium    contained   in  some  of 
them. 

This  mineral  occui-s  in  fluor-spar,  calc-spar,  and  quartz,  more 
or  less  mixed  with  the  other  sulphurets.  In  some  instances  it  is 
very  peculiarly  interlaced  in  the  rocks;  thus  we  have  specimen.^ 
consisting  as  it  were  of  four  layers  ;  namely,  granite,  then  compact 
crystallized  quartz  three  fourths  of  an  inch  thick,  then  the  blende 
an  inch  thick,  on  that  a  layer  of  crystals  of  calc-spar,  and  on  this 
last  fluor-spar. 

60.  Calamine. 

Calamine  is  found  in  delicate  crystals  of  a  silky  luster,  forming 
in  some  instances  snow-white  tufts  on  fluor-si)ar,  blende,  and  car- 
bonate of  lime.  It  is  also  found  on  cellular  quartz.  Some  of  the 
specimens  are  (juite  handsome,  having  a  blue  and  yellow  color  from 
the  presence  of  carbonate  of  copper  and  oxide  of  iron.  No  analy- 
sis was  made  of  any  of  the  specimens. 

61.  Brown  Hematite. 

This  ore  occurs  in  concretionary  masses  of  a  dark  liver-color 
and  compact  structure,  associated  with  nearly  all  the  minerals  of 
this  mine ;  it  very  commonly  forms  a  lining  to  cavities  in  galena, 
in  which  are  found  crystals  of  anglesite  and  cerusite ;  sometimes 
it  lines  cavities  in  the  rock  that  are  completely  filled  with  cubical 
galena.  Acicular  concretions  of  the  hematite  are  found  traversing 
crystals  of  anglesite  and  cerusite.  A  specimen  of  the  purest  hem- 
atite gave  for  its  composition 
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Peroxide  of  iron 80.32 

Oxide  of  copper ,  .94 

Oxide  of  lead 1.61 

Water 14.02 

Silica 8.42 

100.21 

62.  Fluor-spar. 

The  remarkable  feature  of  the  fluor-spar  of  this  mine  is  the 
absence  of  color,  all  the  specimens  yet  found  being  colorless  and 
transparent.  The  crystals  are  very  perfect  and  beautiful,  yet  small ; 
it  is  sometimes  in  globular  concretions  of  crystalline  structure  radi- 
ating from  the  center.  The  cube,  which  is  the  more  common  crys- 
talline form,  is  sometimes  very  much  modified  by  the  truncation 
of  the  edges  and  angles.  A  specimen  that  was  examined  gave  a 
specific  gravity  of  3.15  and  the  following  composition: 

Fluorine 48.29 

Calcium 50.81  * 

Phosphate  of  lime trace 

99.10 
It  is  associated  with  calc-spar,  and  in  some  instances  in  a  re- 
markable manner,  mentioned  under  the  head  of  calc-spar.  Galena 
and  blende  are  interspersed  through  it.  Its  occurrence  in  the  mine 
was  first  noticed  at  the  depth  of  three  hundred  feet,  and  since  then 
it  has  been  found  abundantly. 

63.  Calc-spar. 

There  is  a  variety  of  interesting  forms  and  associations  of  this 
mineral.  The  two  most  common  are  the  dog-tooth  spar  and  the 
hexagonal  prism  with  a  three-sided  summit,  and  occasionally  the 
hexagonal  prism  with  flattened  summits  like  aragonite.  Some- 
times slabs  of  this  mineral  are  found,  with  a  surface  of  eight  or 
ten  square  feet  completely  covered  with  prismatic  crystals  an  inch 
or  two  in  length,  and  from  half  an  inch  to  an  inch  in  thickness ; 
they  are  mostly  vertical,  but  occasionally  horizontal  with  double 
terminations.  These  crystals  are  sometimes  of  a  remarkable  char- 
acter, being  eight  or  ten  inches  in  length  and  only  a  quarter  of  an 
inch  in  diameter,  preserving  a  tolerably  perfect  hexagonal  shape 
throughout  the  entire  length;  again,  these  slender  forms  are  built 
up  of  small  hexagonal  prisms,  their  faces  projecting  from  the  side. 
It  sometimes  happens  that  these  slender  crystals  are  crossed  by 
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one  of  the  same  diameter  and  less  length,  firmly  attached  in  the 
manner  of  a  cross. 

But  of  all  remarkable  crystallizations  is  one  where  the  small 
prisms  are  so  arranged  as  to  form  a  perfect  double  spiral  arranged 

around  an  axis  (fig.  2). 
The  specimen  is  three 
inches  in  length,  and 
three  eighths  of  an  inch 
in  diameter,  with  the 
space  of  one  fourth  of  an  inch  between  each  turn  of  the  spiral. 
The  spiral  arises  from  one  small  prism  crossing  another  at  middle 
at  a  small  angle  of  divergence  (40°-50°),  and  so  on  in  succession. 
These  slender  crystals  are  sometimes  curved  in  a  very  remarkable 
manner. 

Another  thing  to  be  remarked  in  connection  with  the  calcite 
of  this  mine  is  its  singular  associations ;  thus,  we  find  groups  of 
hexagonal  prisms  where  a  small  cubical  crys- 
tal of  fluor,  about  the  one  twentieth  of  an 
inch,  is  inserted  in  a  small  pit  in  the  summit 
of  almost  every  crystal  (fig.  3)  without  the 
occurrence  of  fluor-spar  on  any  other  parts 
of  the  crystal.  These  crystals  appear  to 
have  been  formed  by  successive  crystalliza- 
tions. Dog-tooth  spar  seems  to  have  been 
Mirst  formed  with  these  small  crystals  of  fluor- 
spar on  their  extremities,  and  then  by  a  sub- 
sequent process  the  calcite  has  closed  around 
the  dog-tooth  spar  in  the  form  of  a  hexagonal  prism  with  a  three 
sided  summit.  The  summit  never  closes  entirely  at  the  center, 
the  fluor-spar  remaining  visible  on  one  side ;  and  where  there  is 
no  crystal  of  fluor-spar  the  extremity  of  the  dog-tooth  spar  is 
frequently  seen. 

Other  groups  of  calcite  crystals  have  minute  crystals  of  iron 
pyrites  in  the  three  faces  of  the  summit,  arranged  near  and  per- 
fectly parallel  to  the  alternate  edges,  as  seen  in  fig.  4.  Every 
crystal  in  the  group  is  thus  furnished  with  a  set  of  crystals  of 
pyrites. 

In  another  group  of  crystals  the  pyrites,  in  equally  small  crys- 
tals, are  found  in  three  lines  on  the  summit  of  every  crystal  run- 
ning from  the  apex  toward  the  edges,  exactly  bisecting  each  face, 


Fig.  3. 
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as  seen  in  fig.  5.  In  this  instance,  as  well  as  in  the  former,  the 
pyrites  are  inserted  entirely  beneath  the  surface  of  the  crystal, 
which  is  perfectly  smooth. 


Fig.  4.  Fig.  b. 

The  calcite  is  found  in  large  crystals  in  dolomite,  and  is  asso- 
ciated with  most  of  the  ores  of  the  mine.  It  sometimes  gives  rise 
to  pseudoraorphs  of  molybdate  of  lead  and  carbonate  of  lead. 
These  pseudomorphs  are  mere  shells,  however,  retaining  the  form 
of  the  calcite. 

64.  Sulphur. 

Sulphur  occurs  in  the  form  of  small  pale  greenish  -  yellow- 
crystals.  They  arc  transparent  and  disseminated  through  cellular 
galena  which  appears  to  have  undergone  partial  decomposition. 
The  galena  in  which  it  occurs  is  frequently  associated  with  copper 
and  iron  pyrites?,  and  in  some  rare  instances  with  carbonate  and 
phosphate  of  lead. 

The  other  minerals  occurring  in  the  Wheatley  Mine  are  finely 
crystallized  quartz,  oxicle  of  manganese ,  iron  pyrites^  sulphate  of  banjta, 
indigo  coppevy  black  oxide  of  copper,  and  dolomite. 

Of  the  other  mineral  veins  in  this  region  none  have  yielded  the 
beautiful  mineral  species  furnished  by  the  Wheatley  vein.  The 
Perkiomen  vein,  ^ve  miles  from  the  Wheatley  vein,  has  furnished 
fine  capillary  copper,  indigo  copper,  fine  acicular  crystals  of  sidphate 
of  bcnryta,  crystallised  copper,  and  some  crystals  of  sidphate,  carbonate, 
and  yellow  molybdate  of  lead;  but  these  last  were  small,  and  bear 
no  comparison  to  those  descril)ed. 

It  was  hoped  that  something  might  be  learned  concerning  the 
formation  of  the  minerals  of  this  vein ;  but  the  difficulties  and 
uncertainty  attendant  upon  the  study  of  questions  of  this  kind 
make  it  prudent  to  postpone  any  views  that  might  be  suggested. 
It  may,  however,  be  well  to  remark  that  in  opening  the  vein,  and 
descending  from  the  surface  for  the  first  thirty  feet,  the  phosphate 
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of  lead  was  very  abundant,  with  some  galena  and  carbonate.  A 
little  lower  down  the  phosphate  was  less  and  the  carbonate  more 
abundant.  Wulfenite  and  anglesite  began  to  appear  at  one  hun- 
dred and  twenty  feet.  The  phosphate  and  carbonate  still  continued 
with  the  galena,  with  tine  large  crystals  of  anglesite  and  considera- 
ble wulfenite.  At  one  hundred  and  eighty  feet  phosphate  very 
much  diminished ;  carbonate  and  sulphate  in  line  crystals.  Arsen- 
ate was  found  here.  At  two  hundred  and  forty  feet  blende,  cala- 
mine, and  fluor-spar  appear  with  considerable  dolomite  and  but 
little  phosphate  of  lead,  galena  forming  almost  the  whole  lead-ore. 
Anglesite  is  found,  but  in  smaller  crystals.  These  observations 
may  hereafter  lead  to  some  conclusions  as  to  the  manner  of  the 
formation  of  these  minerals,  but  at  present  I  prefer  dismissing  the 
subject  without  further  remarks. 
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Descriwion  op  Columbic  Acid  Minerals  from  new  Localities 
IN  THE  United  States,  embracing  a  Reclamation  for  the 
Restoration  of  the  Name  Columbium  to  the  Element  now 
called  Niobium.  Description  and  Analyses  of  Columbite, 
Samarseite,  Euxentte,  akd  Fergusonite,  and  the  new  Spe- 
cies Hatchettolite,  and  Rogersite. 

Amer.  Joum.  Science,  1877,  xiii,  pp.  359-369 ;  Annal.  de  Chemie, 
1877,  xii,  pp.  253-264. 

It  is  the  common  practice  of  all  American  chemists  and  miner- 
alogists to  speak  of  the  metal  which  is  called  Niobium  hy  English 
and  continental  chemists  as  Columbium,  This  is  eminently  just, 
since  the  metal  was  discovered  and  well  defined  and  named  colum- 
bium forty-five  years  before  the  name  niobium  was  given  to  it. 
The  change  of  name  was  caused  by  a  double  mistake,  in  no  way 
connected  with  the  original  observations  in  1801  by  Prof  Hatchett, 
of  England. 

These  mistakes  arose  as  follows :  In  the  first  place,  Ekeberg 
discovered  in  1802  a  supposed  new  metal  which  he  called  tantalum, 
but  which  a  short  time  afterward  was  regarded  as  identical  with 
columbium ;  and  for  forty-five  years  tantalum  and  columbium  were 
synonymous  terms  in  all  works  on  chemistry,  although  WoUaston 
suspected  their  dissimilarity;  secondly,  when  H.  Rose  made  his 
well-known  exhaustive  researches  on  the  columbite  of  Bodenmais, 
he  showed  that  thb  mineral  contained  not  one  but  two  metallic 
acids ;  one  of  these  was  tantalum,  and  the  other  he  supposed  to  be 
a  new  metal,  which  he  named  niobium.* 

Subsequent  examination,  however,  convinced  Rose  (and  his 
conclusions  have  been  confirmed  by  others  who  have  repeated  his 

*  H.  Rose  still  supposing  that  this  tantalum  was  the  same  as  what  waa 
known  equally  well  as  columbium. 
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experiments)  that  the  two  metallic  acids  obtained  from  the  Boden- 
maLs  columbite  were  really  the  original  columbic  acid  of  Hatchett, 
discovered  in  1801,  and  the  tantalic  acid  discovered  by  Ekeberg  in 
1802.  Instead,  however,  of  calling  the  first  mentioned  acid  niobic 
iicid,  its  original  name  should  have  been  left  to  it.  The  result  of 
Kose's  researches  was  in  fact  simply  the  demonstration  of  the  actual 
difference  of  columbium  and  tantalum;  for  Hatchett's  discovery 
was  clear,  precise,  and  well  made  out,  and  has  never  been  contro- 
verted. 

This  being  a  correct  summary  of  the  history  of  the  composition 
of  the  columbium  minerals,  it  is  but  right,  just,  and  in  accordance 
with  chemical  and  mineralogical  precedence,  that  the  name  given 
by  the  discoverer  should  replace  that  of  niobium,  which  originated 
forty -five  years  later. 

A  point  of  less  importance,  but  worthy  of  some  consideration, 
is,  that  this  element  derived  its  name  from  the  country  in  which 
it  was  discovered,  it  being  the  first  and  up  to  the  present  time  the 
only  element  discovered  in  that  part  of  America  usually  named 
Columbia. 

In  addition  to  the  above,  an  interesting  fact  connected  with  the 
minerals  of  this  group  is,  that  all  the  varieties,  save  one  or  two, 
have  been  discovered  in  greater  quantities  and  in  larger  crystals 
in  the  United  States  than  in  other  known  localities ;  for  crystals 
of  columbite  weighing  from  one  half  to  seven  kilogrammes  have 
been  found  at  or  near  the  locality  where  the  specimen  was  obtained 
that  was  sent  to  Hatchett,  and  several  other  localities  far  removed 
from  the  original  one  have  since  been  brought  to  light.  More 
recently  the  highly  interesting  and  rare  columbate,  samarskite,  has 
heen  discovered  in  a  locality  in  North  Carolina,  and  already  at  one 
«pot  five  hundred  kilogrammes  have  been  taken  out.  Among  the 
minerals  from  this  last  locality,  besides  the  samarskite  and  colum- 
bite, I  have  detected  two  new  columbates,  and  also  good  specimens 
of  euxenite.  More  recently  I  have  found  columbite  imbedded  in 
those  remarkable  crystals  of  green  feldspar — Amazon  stone — com- 
ing from  El  Paso  County,  Colorado,  and  which  are  the  admiration 
of  all  mineralogists. 

Besides  the  above,  fergusonite  in  fine  specimens,  though  small 
in  size,  has  been  found  in  the  granite  formation  of  Bockport,  Mass. 
In  fact,  if  we  look  at  the  localities  of  columbium  minerals  on  the 
North  American  continent,  they  will  be  found  to  range  from  Green- 
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land  in  tbe  north  to  Carolina  in  the  south,  from  Massachtisetts  on 
the  east  to  Colorado  on- the- west. 

After  these  remarks  in  reference  to  the  restoration  of  the  name 
columbium  among  the  elements,  replacing  that  of  niobium,  I  will 
detail  my  researches  on  the  more  recently  discovered  columbates. 

COLUMBITE  FROM  NOBTH  CAROLINA. 

This  mineral  has  been  found  during  the  past  few  years  at  the 
mica  mines  in  Mitchell  County,  and  in  Yancey  County  near  Burnsr 
ville,  in  the  State  of  North  Carolina.  It  occurs  in  rocks  belonging 
to  the  same  epoch  as  those  in  which  the  samarskite  was  discovered, 
and  which  will  be  mentioned  more  fully  when  the  latter  mineral  is 
described. 

There  is  nothing  peculiar  or  striking  in  the  crystalline  form  of 
the  mineral  as  found  at  this  locality.  Many  of  the  crystals  that 
have  come  under  my  observation  have  been  compressed  and  dis- 
torted, as  is  not  unfrequently  the  case  with  minerals  associated  with 
mica.  Most  commonly  I  have  seen  it  in  irregular  lumps  weighing 
from  five  to  one  hundred  grammes.  Several  pieces  have  been  sent 
to  me  under  the  supposition  that  they  were  tantalite,  but  in  no 
instance  have  I  found  it  to  be  the  case,  the  specific  gravity  never 
exceeding  5.5  to  5.6. 

The  specific  gravity  of  the  columbite,  as  obtained  both  for  the 
crystals  and  for  the  massive  variety  is  as  follows : 

Crystals 6.662 

Massive 6.486 

The  analyses  of  both  varieties  show  that  they  are  chemically 
identical.  The  average  of  several  analyses  which  agreed  very 
closely  is : 

Massive.  Crystals. 

Columbic  acid* 80.82  80.06 

Tungstic  and  stannic  acids 1.02  1.21 

Iron  protoxide 8.78  14.14 

Manganese  protoxide 8.60  6.2^ 

Copper  oxide trace  

99.17  100.62 

*  I  refer  to  the  metallic  acid  in  the  analyses  in  this  paper  as  columbic 
acid,  from  the  fact  that  the  tantalic  acid  which  accompanies  it  is  only  in 
small  quantities,  and  also  because  none  of  the  methods  proposed  for  separ- 
ating the  two  acids  have  given  satisfactory  results  in  my  hands. 
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The  distinctive  peculiarity  of  the  composition  of  this  columbite 
is  the  large  amount  of  manganese  oxide  compared  with  that  of  the 
iron  in  the  massive  variety,  it  being  greater  than  that  given  in  the 
analysis  of  any  other  columbite. 

COLUMBTTE  FROM  COLORADO.   . 

Among  the  magnificent  and  gigantic  crystals  of  Amazon  stone 
recently  discovered  in  El  Paso  County,  Colorado — and  so  energet- 
ically explored  by  A.  E.  Foote — some  specimens  were  shown  me 
having  small  black  acicular  crystals  imbedded  just  beneath  their 
surface.  Carefully  detaching  them  from  the  feldspar,  by  no  means 
an  easy  task,  and  examining  the  crystalline  form,  and  subsequently 
the  chemical  composition,  I  found  them  to  be  columbite.  A  few 
small  and  well-marked  crystals  have  been  detached;  the  largest 
was  a  flattened,  imperfect  crystal,  weighing  one  and  a  half  grammes. 
Most  commonly  they  are  only  in  the  form  of  black  elongated  specks. 
A  small  amount  of  the  pure  mineral  that  was  separated  enabled 
me  to  make  out  its  composition,  though  I  could  not  obtain  enough 
for  a  very  careful  quantitative  examination.  The  examination  made 
gave  a  very  low  specific  gravity;  it  was  taken  on  .600  gramme,  and 
is  5.15.     Analysis  of  .500  gramme  gave 

Columbic  acid 79.61 

Iron  protoxide 14.14 

Manganese  protoxide 4.61 

Lo88  by  heat 60 

98.86 

Samarskite. 

A  few  small  specimens  of  this  rare  mineral  from  North  Caro- 
lina have  been  in  cabinets  for  several  years,  but  its  exact  locality 
and  the  nature  of  its  occurrence  were  first  made  known  in  AprU, 
1873,  through  the  agency  of  Joseph  Wilcox,  of  Philadelphia,  and 
subsequently  by  the  investigations  and  collections  made  by  Eev. 
J.  Grier  Ralston,  of  Norristown.  Not  having  visited  the  locality 
myself,  I  have  obtained  my  information  concerning  it  from  the 
above  mineralogists.  It  is  found  in  Wiseman's  mica  mine.  Greasy 
Creek  Township,  Mitchell  County,  near  North  Toe  River,  North 
Carolina.  It  was  obtained  while  extracting  the  mica,  principally 
in  a  kind  of  pocket  in  the  mine,  the  miners  calling  it  Hack  mineroZ. 
Mr.  Ralston  was  very  active  in  having  it  collected,  and  in  1875 
there  had  been  accumulated  about  four  hundred  kilogrammes  of 
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the  mineral,  which  was  brought  away  from  the  mine  by  him ;  since 
that  time  only  a  little  of  it  has  been  taken  out  of  the  mines,  but 
in  all  probability  it  will  be  found  again  in  more  or  less  abundance. 
Prior  to  this  discovery  the  largest  pieces  of  samarskite  found  in 
the  Ural  locality  were  of  the  size  of  hazel-nuts ;  these  occur  im- 
bedded in  a  reddish-brown  feldspar. 

Its  geological  position  is  in  crystalline  rocks,  in  what  may  be 
called  a  coarse  granite ;  the  minerals  of  which  rock  are  not  gran- 
ular, but  exist  in  large  masses,  so  that  in  extracting  the  fine  blocks 
of  mica  these  are  readily  detached  from  the  other  constituents  of 
the  granite.  The  samarskite  is  generally  in  close  relation  to  the 
feldspar,  which  last,  in  all  the  specimens  I  have  seen,  was  more  or 
less  disintegrated ;  this  arises  no  doubt  from  the  proximity  of  the 
samarskite  to  the  surface,  it  not  having  been  found  as  yet  in  the 
unaltered  granite. 

For  some  tilne  after  the  discovery  of  this  mineral,  mineralogists 
were  not  agreed  as  to  its  being  samarskite,  no  crystals  having  been 
found  by  which  to  establish  its  identity,  and  the  partial  analyses 
made  not  giving  concordant  results.  This  discrepancy  arose,  how- 
ever, from  the  intermixture  of  other  minerals,  three  of  which  I 
have  detected,  two  of  them  being  new.. 

On  one  occasion  I  took  a  specimen  of  very  compact  mineral, 
perfectly  clean,  and  to  casual  observation  perfectly  uniform  in  color 
and  texture ;  on  breaking  ofi*  a  portion  ^m  one  end  of  it  and  taking 
the  specific  gravity,  I  found  it  to  be  5.221,  which  was  so  much  lower 
than  that  of  samarskite  that  I  passed  it  over  to  my  assistant  for  re- 
examination.    His  results  corresponded  exactly  with  mine. 

I  then  broke  off  a  piece  immediately  contiguous  to  the  one 
already  examined  and  found  its  specific  gravity  5.682,  being  that 
of  samarskite.  On  examining  the  first  piece  by  breaking  off  thin 
scales,  I  could  detect  that  a  portion  of  them  had  a  very  dark 
brown  luster,  produced  by  the  mixture  of  some  euxenite,  a  min- 
eral that  I  have  discovered  pure  and  in  all  stages  of  mixture  with 
the  samarskite.  There  is  no  difficulty,  with  some  little  experience, 
in  obtaining  any  quantity  of  this  mineral  with  its  usual  characters. 

Agped  of  the  fined  Bpedmens, — Intense  jet  black,  and  when  bro- 
ken having  a  large  brilliant  conchoidal  fracture,  perfect,  even,  and 
smooth,  with  the  luster  vitreous.  It  is  exceedingly  brittle,  break- 
ing like  black  obsidian,  with  very  sharp  edges ;  any  one  seeing  it 
broken  for  the  first  time  would  take  it  for  black  obsidian,  until 
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handled,  when  its  weight  would  iodicate  that  it  was  another  min- 
eral. All  the  pieces  of  pure  samarskite  are  not  equally  briUiant 
in  frstcture  as  above. described,  but  approach  to  it  more  or  less. 

Hardness. — I  should  say  that  it  was  5.5  to  6,  nearer  6,  but 
owing  to  the  brittleness  of  the  mineral  it  -is  not  easy  to  fix  its 
exact  hardness. 

Speci^G  gravity,  — 6. 72. 

OrystaUine  fQr7n^--I  am  indebted  to  Mr.  Ralston  for  the  inspec- 
tion of  the  only  specimens  from  which  its  crystalline  form  could 
be  made  out,  and  these  have  been  thoroughly  described  and  studied 
.  by  Mr.  Edward  S.  Dana ;  the  examination  made  by  this  skillful 
crystallographer  is  to  be  found  in  this  Journal,  March,  1876,  page 
201 ;  he  also  first  published  an  account  of  the  region  in  which  it 
is  found,  and  gave  an  account  of  the  associated  minerals. 

Composition. — This  mineral  from  North  Carolina  has  already 
been  examined  three  times.  In  1852,  Prof.  T.  Sterry  Hunt  exam- 
ined a  small  piece  of  the  mineral)  less  than  one  gramme,  said  to  have 
come  from  Rutherford  Coimty;  again,  Miss  Ellen  H.  Swallow  has 
given  a  most  excellent  analysis  of  the  samarskite  from  Mitchell 
County)  agreeing  with  those  made  by  myself  as  nearly  as  the 
analyses  of  such  a  mineral  can  be  expected  to  do  when  made  on 
difierent  specimens ;  and  finally,  Prof.  Allen  has  made  an  analysis 
which  is  to  be  found  on  page  340  of  Dana's  Text- Book  of  Miner- 
alogy (March,  1877).  The  following  are  the  analyses,  (1)  of  my- 
self, (2)  of  Miss  Swallow,  and  (3)  of  Prof.  Allen : 
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Columbic  acid 66.18  f  ^ .  «/»  37.20 


I  54.96 


Tantalic  acid ....  \^'^^    '        ig.eO 

Tiingstic  and  stannic  acids 0.31  0.16  0.08 

Yttria 14.49  12.84  14.46 

Cerium  oxides* 4.24  5.17  4.25 

Tranium  oxide 10.96  9.91  12.46 

Manganese  protoxide 1.53  10.91  0.75 

Iron  protoxide 11.74  14.02  10.90 

Magnesia trace             0.66  CaO 

Loss  bv  ignition .72  0.52  1.12 

Insoluble  residue  from  cerium  oxide 1.25   .           

99.12  TOOM 

The  late  Heinrich  Rose,  in  describing  the  samarskite  of  Miask, 
gives  an  analysis  by  Finkener  and  Stephans,t  which  differs  from 

♦  I  record  these  oxides  as  cerium  oxides,  but  I  am  not  altogether  satisfied 
in  regard  to  their  nature  and  proportion  of  the  respective  oxides,  which  are 
now  undergoing  a  chemical  examination. 

tVerhandlung,  Min.,  St.  Pet.,  1863,  18.  ■ 
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the  analysis  previously  made,  as  well  as  from  those  now  detailed, 
indicating  the  presence  of  four  per  cent  zirconia,  and  six  per  cent 
of  thoria.  The  announcement  of  the  presence  of  the  latter  named 
oxide  has  been  one  of  the  causes  of  the  delay  of  my  publishing 
this  paper,  for  I  desired  if  possible  to  verify  the  results  of  Fink- 
ener  and  Stephans.  It  is  only  recently  that  I  have  obtained  a  ffew 
grammes  of  pure  Miask  samarskite,  from  the  School  of  Mines  of  St. 
Petersburg,  through  Pr6f.  Norp6,  but  all  of  this,  except  about  one 
and  a  half  grammes,  was  lost  after  reaching  me,  so  I  have  not  been 
able  to  do  more  than  make  an  imperfect  examination;  and  this 
examination  shows  that  there  is  some  difference  in  the  earthy 
oxides  from  those  in  the  North  Carolina  specimens,  the  exact 
determination  of  which  I  must  postpone  for  some  future  occasion. 

EUXENITE. 

In  examining  portions  of  the  samarskite  that  was  surrounded 
by  decomposed  feldspar,  I  detected  a  mineral  not  having  the  in- 
tense black  of  the  samarskite,  but  of  a  brownish  color  with  a 
streak  and  powder  much  lighter  than  that  of  samarskite ;  and  in 
pushing  my  researches  further,  the  mineral  was  obtained  still 
lighter,  of  a  hair-brown  color,  the  powder  being  of  an  ash  color. 
In  thin  fragments  it  is  translucent;  the  fracture  is  subconchoidal, 
but  in  most  instances  irregular,  with  a  resinoid  luster. 

Its  aspect  made  it  very  evident  that  it  was  something  different 
from  the  samarskite,  and  an  examination  proved  this  opinion  cor- 
rect, and  established  its  true  mineralogical  position. 

No  crystals  have  been  found,  so  it  is  not  possible  to  establish 
its  identity  in  crystallization  with  euxenite ;  but  all  its  other  phys- 
ical and  chemical  properties  are  those  of  that  mineral. 

The  specific  gravity  of  pieces  taken  from  different  specimens 
was  respectively  4.593,  4.620,  4.642.  On  analysis  it.  was  found 
to  contain 

Columbic  acid  . . : '. 54.12 

Tungstic  and  stannic  acid 21 

Yttnum  and  cerium  oxides 24.10 

Lime .■ 5.68 

Uranium  oxide  • . .  * 9.53 

Manganese  protoxide 08 

Iron  protoxide 'SI 

.       Water ...v .    5.70 

99.58 
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The  columbic  acid  was  tested  most  carefully  for  titanic  acid, 
both  by  fusion  with  bisulphate  and  with  carbonate  of  potash,  but 
none  of  it  could  be  detected ;  only  nve  milligrammes  of  a  residue 
was  obtained  as  a  result  in  these  analyses,  and  it  is  well  known 
to  analysts  that  this  is  most  probably  attributable  to  columbic  acid. 

I  need  hardly  insist  that  the  above  properties  belong  to  the 
mineral  euzenite;  they  approaching  closely  that  from  Tromoen 
analyzed  by  Strecker,  except  that  this  chemist  makes  as  much 
as  sixteen  per  cent  of  the  metallic  acid  to  be  titanic  acid.  This 
euxenite  represents  a  purer  type  of  a  columbate  than  most  of 
those  of  which  analyses  are  given,  while  it  is  also  remarkable  for 
the  small  quantity  of  iron  oxide  in  it,  being  a  hydrated  columbate 
of  yttria,  uranium,  and  lime. 

Hatchettolite  a  new  Columbate. 

This  is  an  additional  one  of  the  series  of  columbic  acid  minerals 
found  with  the  samarskite  of  North  Carolina.  My  attention  was 
first  called  by  Mr.  Ralston  to  some  octahedral  crystals  that  he  had 
diligently  uncovered  from  the  disintegrated  feldspar,  which  had  to 
all  appearance  some  connection  with  the  samarskite.  He  had  sent 
two  or  three  of  these  crystals  to  Edward  S.  Dana  some  time  before, 
and  this  last  mineralogist  was  inclined  first  to  refer  it  provisionally 
to  pyrochlore,  but  finally,  on  account  of  its  high  specific  gravity, 
suggested  its  possible  relation  to  microlite.  (See  this  Journal, 
March,  1876,  page  204.)  No  further  steps  having  been  taken  to 
settle  the  character  of  this  mineral,  I  undertook  its  examination  on 
specimens  furnished  me  by  Mr.  Ralston,  and  also  on  a  specimen 
I  afterward  found  in  carefully  examining  the  altered  gangue  of 
the  samarskite  in  my  possession. 

The  result  has  been  the  establishing  of  a  new  mineral  of  this 
series,  which  I  have  called  hatchettolite,  from  the  discoverer  of 
the  element  columbium.  It  occurs  in  regular  octahedrons,  but  of 
the  six  crystals  that  I  have  examined,  all  have  the  cubic  planes 
and  the  form  3-3,  and  E.  S.  Dana  observed  the  same  on  the  crys- 
tals he  examined. 

In  referring  to  these  modifications,  I  would  state  that,  among 
eight  or  ten  crystals  of  pyrochlore  seen 'by  me  I  have  never  ob- 
served them,  although  this  last  mineral  is  found  with  them,  as  may 
be  seen  in  M.  Kokscharow's  magnificent  work  on  Russian  minerals. 
I  could  not  detect  any  distinct  cleavage.     Its  hardness  is  about  5 ; 
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perhaps  a  little  over.  Specific  gravity :  that  of  a  fine,  small  crys- 
tal was  found  to  be  4.851 ;  of  small  fragments  well  selected  from  a 
large  crystal  that  had  mica  in  some  part  of  it,  4.785.  Prof.  Brush 
obtained  (as  quoted  by  E.  S.  Dana)  4.794. 

It  is  well  to  add  here  the  specific  gravity  of  a  very  fine  crystal 
of  pyrochlore,  weighing  one  and  one  half  grammes ;  as  taken  by 
myself,  it  is  4.25.  That  of  microlite — another  octahedral  colum- 
bate — by  Shepard  and  Hayes,  is  5.484. 

Color  of  Hatekettolite. — Yellowish  brown  with  a  grayish  opales- 
cence ;  on  heating  to  redness  becomes  of  an  opaque  greenish  yellow  ; 
luster  resinous ;  fracture  subconchoidal. 

ComposUion. — I  made  three  analyses,  the  first  two  on  fragments 
from  the  specimens  of  Mr.  Ralston,  and  the  third  from  a  specimen 
in  my  own  collection.  The  mineral  was  broken  into  pieces  from 
two  to  one  half  mm.  in  diameter,  and  then  carefully  selected  under 
the  glass  to  avoid  admixture  of  any  other  mineral.  Thus  selected 
it  was  found  to  contain 

12  3 

Oolumbic  acid 66.01  67.86  67.26 

Tungstic  and  stannic  acids 76  .60  .91 

Uranium  oxide 16.20  15.68  16.01 

Lime 7.72  7.09  7.11 

Yttria  and  cerium  oxide 2.00  M  .64 

Iron  protoxide 2.08  2.61  2.12 

Potash 60  1.21    not  estimated. 

Water— lost  by  heat 6.16  4.42  6.02 

Lead trace  ....  .... 

99.42  100.18  99.06 

It  will  be  seen  that  the  special  difference  between  this  mineral 
and  pyrochlore  is  that  its  predominating  base  is  uranium  oxide, 
which  last  mineral,  according  to  Wohler's  analysis  of  that  from 
Miask,  does  not  contain  any  of  this  oxide,  although  the  analyses 
of  others  give  a  small  quantity  of  it.  It  is  to  be  supposed  that 
Wohler  examined  the  best  and  purest  type  of  the  mineral  in  that 
from  Miask. 

ROGERSITE  A  NEW   COLUMBATE. 

On  some  of  the  samarskite,  but  more  especially  on  the  eux- 
enite,  a  white  crust  was  found  adhering  with  some  degree  of  firm- 
ness, and  on  examining  it  under  the  glass  it  presented  a  mammil- 
lary  structure,  sometimes  like  little  pearly  beads.  When  on  the 
euxenite  it  is  more  readily  separated  than  when  on  the  samarskite. 
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By  pressing  on  it  with  a  sharp  point  it  becomes  detached  in  sma]! 
fragments. 

I  have  called  this  mineral  rogersite,  in  honor  of  the  American 
geological  Nestor,  Wm.  B.  Rogers,  whom  we  all  delight  to  honor 
for  his  important  labors  in  scientific  and  economic  geology  from 
an  early  date  up  to  the  present  day. 

The  quantity  that  has  as  yet  been  discovered  is  very  smalL 
Mr.  Ralston  possesses  the  finest  specimen,  which  is  about  the  size 
of  the  hand,  with  four  or  five  grammes  of  this  mineral  on  the  sur- 
face, quite  pure  and  very  characteristic.  I  had  to  operate  upon  a 
great  number  of  small  pieces  carefully  detached,  which  have  ena- 
bled me  to  establish  its  true  character. 

It  is  readily  recognized  by  its  well-marked  mammillary  struct- 
ure even  when  the  fragment  is  quite  small.  Its  hardness  is  about 
3.6;  specific  gravity  3.313. 

I  made  two  analyses,  each  time  on  small  portions.     The  resulta 

furnished  were 

Water 17.41  16.34 

Columbic  acid 18.10  20.21 

Yttria,  etc 60.12  

In  the  second  analysis,  owing  to  an  accident,  the  yttria  was 
lost;  the  first  also  shows  about  four  per  cent  not  accounted  for. 

These  analyses  are  to  be  taken  only  as  approximative,  for  before 
complete  and  reliable  analyses  of  this  mineral  can  be  made  a  larger 
quantity  will  be  required.  The  mineral  is  an  interesting  one,  as 
being  the  first  columbate  discovered  so  largely  hydrated.  It  has 
evidently  resulted  from  the  decomposition  of  either  samarskite  or 
euxehite,  or  both. 

Fergusonite. 

Two  years  ago  a  dark-brown  mineral,  with  a  remarkably  bright 
and  perfect  conchoidal  fracture,  was  shown  to  me  by  Mr.  W.  E. 
Knowlton,  of  Boston,  who  obtained  it  from  the  granite  quarries 
of  Rockport,  but  its  nature  had  not  been  determined.  The  quan- 
tity then  found  was  very  small,  and  only  a  portion  of  it  was  given 
to  me.  A  short  time  afterward  I  infornied  Mr.  Knowlton  that  it 
was  fergusonite,  and  requested  him  to  look  further  for  specimens. 
Since  then  but  little  more  has  been  found,  but  enough  was  fur- 
nished me  to  make  out  its  true  character,  both  physically  and 
chemically,  except  its  crystalline  form.  It  is  found  particularly  at 
one  locality  near  the  intersection  of  two  trap  dykes. 
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For  a  space  covering  about  thirty  or  forty  feet  maeses  of  feld- 
spar and  quartz  replace  the  granite,  and  itie  in  the  feldspar  that 
the  fergiisonite  is  found  intimately  associated  irith  cyrtolite,  and 
sometimes  even  penetrating  crystals  of  this*  last  mineral.  In  the 
same  feldspar,  annite,  cryophylUtej  and  fine  crystals  of  smoky  quartz 
are  found. 

The  mineral  is  of  a  fine  dark-brown  color  in  the*  interior,  with 
a  clear  conchoidal  fracture ;  resinous  luster;  "^^  hardness  6 ;  specific 
gravity  5.681 ;  streak  light  brown;  powder  ash-colored,  but  when 
heated  to  a  bright*red  heat  for  fifteen  minutes  changing  to  a  light 
greenish^yellow  color  with  a  loss  of  1.50  per  cent. 

Columbic  acid 48.76 

Yttria 46.01 

Cerium  oxides ^ 4.23 

Iron  and  uranium  oxides 25 

Water — loss  by  heat 1.66 

.      .'  100.89 
It  corresponds  very  nearly  in  composition  with  the  fergusonite 
from  Oteenland. 

REIiCARKS  AS  TO    THE   CheMICAI,    ChAKACTER   GP  THE  'MnTERALff 

BESCRIB&D;     ' 

The  compositiongf  of  the  columbates  from  the  various  localities 
appeal*  at  first  sight  to  be  very  complex  and  irregular,  but  if  exam- 
ined critically,  and  due  allowance  be  made  for  the  intermixture  of 
these  minerals,  which  intermixture  can  not  be  detected  on  account 
of  the  similarity  of  color  and  fracture  of  the  different  minerals, 
this  irregularity  disappears  to  a  greater  or  less  extent. 

The  first  and  the  one  best  known,  cdumbitej  is  well  recognized 
as  a  simple  columbate  of  iron  and  manganese. 

MierolUe,  from  what  little  we  know  of  its  composition,  appears 
to  be  a  columbate  of  lime.  PyroMore  is  to  be  regarded  as  a  colum- 
bate of  the  cerium  oxides  and  lime;  whether  or  not  a  neutral 
columbate,  further  examination  is  to  determine. 

*  The  action  of  a  red  heat  on  small  fragments  is  to  change  their  color 
to  a  greenish  yellow ;  but  before  this  takes  place  the  fragments  exhibit  the 
phenomenon  of  glowing  in  a  manner  more  striking  than  any  specimen* 
of  gadolinite,  a  mineral  remarkable  for  its  glowing,  that  I  have  experi- 
mented with.  From  lack  of  material  I  did  not  take  the  specific  gravity 
after  heating. 
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HatcheUolite  is  doubtless  a  neutral  columbate  of  uranium  oxide 
and  lime.  Then,  when  we  pass  to  the  samarslcUe,  we  have  a  basic 
columbate  of  iron,  uraoium,  and  yttrium  oxides.  TUrotantalite .Bnd 
euxenite  are  basic  columbates,  the  former  anhydrous  when  pure,  the 
latter  hydrated,  both  being  basic  columbates  of  yttria  and  uranium 
oxides. 

FergiisanUe  is  a  hydrous  basic  columbate  of  yttria ;  and  rogenUe 
is  a  hydrated  columbate  of  yttria,  still  more  basic. 

In  making  this  general  review  of  this  mineral  of  course  I  have 
not  regarded  those  variable  constituents  existing  in  small  quanti- 
ties and  replacing  more  or  less  one  or  other  of  the  preponderating 
bases  of  each  species. 

The  Analysis  and  Chemical  Study  of  the  above  Minerals. 

'  I  have  several  points  under  this  head  to  consider  and  to  de- 
scribe in  detail;  but  it  more  properly  belongs  to  another  paper, 
which  will  supplement  this,  for  I  am  now  studying  the  earthy 
oxides  associated  with  the  yttria  of  North  Carolina  minerals,  which 
I  am  far  from  being  satisfied  contains  cerium  oxide,  although  some 
of  the  reactions  of  cerium  oxide  are  obtained,  a  fact  already  men- 
tioned in  a  note  to  the  description  of  samarskite.  I  am  separating 
the  earths  from  one  kilogramme  of  the  mineral,  which  when  ob- 
tained will  furnish  material  enough  for  the  proper  solution  of  this 
question. 
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FREEZING  WATER  BY  THE  AIR-PUMP 

WITHOUT  SULPHURIC  ACID  OR  OTHER  DESICCATING 

AGENT. 


SiUiman's  Jmim,,  i,  1846,  pp.  265,  266. 

In  attempting  to  freeze  water  under  the  air-pump,  without  the 
aid  of  a  desiccating  agent,  the  cooling  of  the  water  to  the  point  of 
congelation  is  prevented  by  the  heat  received  from  the  containing 
vessel.  I  have  lately  found  that  by  obviating  this  diflSculty  water 
may  be  readily  frozen  by  its  own  evaporation. 

It  was  first  shown  by  Count  Kximford  that  water  does'  not  wet 
a  sooted  surface,  but  forms  in  globules  like  quicksilver.  Three 
drops  of  water  were  placed  in  a  sooted  watch-glass ;  the  spheroidal 
globule  lay  on  the  soot,  exposing  a  large  surface  for  evaporation, 
at  the  same  time  that  the  water  was  insulated  from  any  source  of 
heat.  Arranged  in  this  manner  and  placed  under  an  air-pump, 
two  or  three  minutes  were  sufficient  to  freeze  the  water.  The  glass 
was  sooted  over  an  oil-lamp  with  great  care ;  the  experiment  fails 
if  the  globule  of  water  touches  the  glass  even  by  a  small  point. 

In  place  of  the  sooted  watch-glass  make  a  shallow  cavity  in  the 
end  of  a  large  cork,  and  over  a  lamp  burn  it,  sooting  it  at  the  same 
time.  By  putting  three  drops  of  water  into  the  cavity  thus  pre- 
pared, and  subjecting  it  to  the  action  of  the  air-pump  under  a  pint 
receiver,  the  water  froze  solid  in  a  minute  and  a  half,  and  in  two 
and  three  fourths  minutes  twenty  grains  of  water  congealed,  though 
at  73°  Fahr.  when  introduced.  Under  a  receiver  of  three  quarts*^ 
capacity  twenty  grains  of  water  froze  in  four  minutes.  I  could  not 
succeed  in  freezing  the  same  amount  in  the  sooted  watch-glass. 

By  placing  corks  prepared  as  above  over  a  saucer  of  sulphuric 
acid,  the  same  results  are  obtained  more  rapidly.  I  put  half  a 
drachm  of  water,  at  65°  Fahr.,  in  each  cavity,  and  exhausted  the 
receiver  till  the  mercurial  gauge  reached  four  tenths  of  an  inch, 
which  was  effected  in  one  minute.     In  a  minute  and  a  half  the 
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water  on  one  cork  began  to  freeze,  and  in  five  minutes  they  were 
all  frozen..  An  ounce  of  water  in  a  large  flat  cavity  froze  in  three 
and  a  half  minutes. 

A  flat-bottom  porcelain  capsule  was  prepared  for  an  experiment 
on  a  large  scale  by  sooting  it  iu  the  following  manner :  After  coat- 
ing it  with  soot  over  a  lamp,  and  allowing  it  to  cool  a  little,  a  small 
quantity  of  oil  of  turpentine  was  carefully  poured  upon  the  edge 
and  passed  over  the  entire  surface ;  the  vessel  was  then  warmed  to 
drive  ofl*  the  redundant  turpentine.  The  surface  was  again  coated 
with  soot  and  again  with  turpentine,  and  this  process  was  repeated 
a  third  time ;  finally  another  coating  of  soot  was  added,  when,  it 
was  ready  for  use.  Two  ounces  of  water  were  placed  in  this  cap- 
sule under  a  receiver,  and  the  air-pump  worked  for  one  minute. 
After  standing  six  minutes  the  surface  was  frozen. 

This  experiment,  as  well  as  similar  ones,  wa«  attended  with 
violent  ebullition  on  the  part  of  the  liquid,  throwing  the  water 
against  the  sides  of  the  receiver,  which  was  owing  to  the  rapid 
formation  of  vapor  on  the  under  surface  of  the  liquid. 
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Amer.  Assoc.  Proc.,  1853,  pp.  148, 149. 

This  interesting  compound  has  been  known  for  some  time  to 
American  mineralogists,  having  been  first  described  by  Prof.  C.  U. 
Shepard  under  the  name  of  warwiclcUe,  and  considered  as  a  hydrated 
silico-titanate  of  magnesia,  iron,  and  alumina.  It  was  afterward 
described  by  Mr.  T.  S.  Hunt  under  the  name  of  encdadite,  and  in 
his  analyses  (Amer.  Jour,  of  Science  and  Arts,  2d  series,  xi,  352) 
considered  a  trititanate  of  magnesia. 

In  the  re-examination  of  American  minerals,  in  which  Mr. 
Brush  and  myself  were  engaged,  this  mineral  came  up  in  turn  for 
examination,  and  to  our  amazement  it  is  found  to  contain  a  large 
amount  of  boracic  acid,  doubtless  upward  of  twenty  per  cent. 
Approximative  analyses  are  already  made,  but,  owing  to  the  diffi- 
culty of  obtaining  it  in  sufficient  quantity  in  a  perfect  state  of 
purity,  its  final  examination  may  be  delayed  for  some  time ;  and 
it  is  for  that  reason  thought  advisable  to  publish  the  present  note 
on  the  subject.  It  is  essentially  a  borotitanate  of  magnesia  and 
iron :  the  metallic  acid,  however,  has  some  anomalies  about  it  not 
yet  cleared  up.  This  is  the  first  borotitanate  known,  and  as  such 
highly  interesting ;  the  smallest  portion  of  it  when  acted  on  with 
sulphuric  acid  will  give  the  strongest  indication  of  the  presence 
of  boracic  acid. 
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SiUimarCs  Joum.,  xv,  1853,  pp.  234-243;   xvi,  pp.  5^-61.     Erdm. 
Joum.  Ptak.  Chem.,  lix,  1863,  pp.  159-160;  Ix,  244-247. 

1.  In  the  examination  for  alkalies  in  the  class  of  minerals 
alluded  to  in  this  article  it  is  usual  to  devote  a  separate  portion 
of  the  mineral  to  their  special  determination,  without  having  ref- 
erence to  any  of  the  other  ingredients  contained  in  the  mineral. 
This  method  of  proceeding  naturally  recommends  itself,  because 
a  fusion  with  carbonate  of  soda  is  so  greatly  superior  for  the  deter- 
mination of  all  other  ingredients  that  even  the  attempt  to  control 
the  result  of  the  soda  fusion  by  making  use  of  the  one  for  the 
alkalies,  to  arrive  at  the  other  substances  as  well  as  the  alkalies^ 
will  in  many  instances  embarrass  the  analyst  as  to  his  results. 

2.  It  is  only  in  cases  of  absolute  necessity  that  one  portion 
of  the  mineral  should  be  used  to  estimate  all  its  constituents^ 
and  this  condition  of  things  will  be  alluded  to  in  another  part 
of  this  paper,  as  reference  is  now  had  to  the  quantitative  deter- 
mination of  the  alkalies,  discarding  whatever  else  the  mineral 
may  contain. 

3.  In  the  determination  of  the  alkalies  in  silicates  not  soluble 
in  acids,  three  important  points  present  themselves: 

I.  The  means  necessary  to  render  the  silicate  soluble ; 
II.  The  separation  of  the  other  ingredients  from  the  alkalies^ 
more  especially  magnesia ; 

III.  The  removal  of  the  sal  ammoniac  unavoidably  accumu- 
lated in  the  process  of  analysis. 

In  all  three  of  these  the  processes  adopted  will  be  found  to 
differ  essentially  from  those  now  in  use,  and  they  are  made  known 

♦  This  memoir  embraces  many  important  points  connected  with  mineral 
analysis.  The  minute  practical  details  for  laboratory  use  are  given  in  another 
article  in  this  collection  of  papers,  and  one  written  after  twenty  years'  experi- 
ence with  the  method. 
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only  after  much  experience  by  the  author,  in  which  their  advan- 
tages have  been  most  fairly  tested,  comparatively  with  methods 
already  employed.  In  order  that  these  processes  may  serve  equally 
well  in  the  hands  of  others,  they  will  be  given  with  some  detail. 

I.  Method  of  Rendering  the  Silicate  Soluble. 

4.  To  render  the  silicate  soluble  various  plans  have  been  pro- 
posed, all  of  which  have  their  objections.  Among  the  agents 
used  for  the  purpose  are  baryta  and  several  of  its  compounds,  viz., 
the  nitrate,  carbonate,  and  chloride. 

5.  The  first  of  these  is  undoubtedly  the  best  decomposing  agent 
of  the  four,  could  we  use  a  platinum  crucible  to  heat  the  mixture 
of  it  and  the  mineral ;  as  it  is,  a  silver  crucible  is  necessar}',  and 
this  is  not  always  capable  of  standing  the  requisite  heat.  Accord- 
ing to  Rose,  *  *  the  silver  crucible  must  be  very  strong,  for  if  thin 
the  action  of  a  red  heat  might  crack  it,  and  a  portion  of  the  fused 
mass  would  ooze  out  through  the  crevices."  It  also  may  happen 
that  a  heat  higher  than  the  point  of  fusion  of  silver  is  necessary  to 
a  complete  decomposition  of  the  mineral. 

6.  All  that  is  here  said  of  caustic  baryta  is  equally  applicable 
to  nitrate  of  baryta. 

7.  The  chlorides  of  barium  and  calciirtn  have  been  lately  pro- 
posed by  Prof.  Henry  Wurtz,  but  its  decomposing  properties  are 
very  feeble,  as  the  chlorine  in  combination  with  the  barium  is  not 
liberated  at  a  white  heat,  and  few  silicates  are  able  to  produce  the 
decomposition.  It  may  succeed  with  some  of  the  feldspars,  but 
decomposes  very  imperfectly  even  the  micas.  So  it  is  rather  a  risk 
to  employ  it  with  an  unknown  substance. 

8.  The  carbonate  of  baryta  is  the  compound  of  baryta  most 
generally  employed  for  silicate  decompositions;  still  this  is  attended 
with  much  difficulty,  owing  to  the  infusibility  of  this  salt  and  the 
impossibility  of  driving  off  the  carbonic  acid  by  heat  alone ;  and 
even  if  this  latter  were  possible,  the  objection  pertaining  to  caustic 
baryta  would  then  arise. 

9.  The  following  extract  from  Rose's  Analytical  Chemistry 
(translation  by  Normandy,  in  a  note  by  the  translator)  presents 
fairly  the  difficulties  attending  this  method  of  decomposing  the 
silicates : 

"The  heat  applied  is  so  intense  that  some  precautions  must  be  taken. 
The  platinum  crucible  containing  the  mixture  should  be  exposed  first  to  the 
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heat  of  an  argand  lamp,  and  when  the  mass  begins  to  agglutinate  the  cruci- 
ble should  be  closed  and  its  cover  tied  down  with  platinui^i  wire,  then  placed 
in  a  Hessian  crucible  closed  up  also ;  the  whole  is  placed  upon  an  inverte<l 
crucible  and  submitted  to  the  action  of  the  blast  of  the  wind  furnace,  begin- 
ning first  gradually  with  a  red  heat,  piling  on  more  coke  so  as  to  fill  up  the 
furnace,  and  increasing  the  heat  to  the  highest  possible  pitch,  until  the  Hes- 
sian crucible  begins  to  soften.  It  is  absolutely  necessary  to  the  success  of 
the  operation  that  the  Hessian  crucible  should  be  closed  as  well  as  possible, 
which  is  best  done  by  luting  the  cover  with  fire-clay;  the  Hessian  cnicible 
and  its  cover  having  fused  together  can  not  be  separated  except  by  break- 
ing, etc." 

It  will  be  seen  iu  reading  this  extract  that  the  heat  reijuired  is 
not  ordinarily  at  the  command  of  most  chemists ;  in  fact,  no  other 
variety  of  furnace  than  a  Sefstroem  can  be  depended  on  for  a  com- 
plete decomposition. 

10.  Caustic  lime  and  its  salts  have  also  been  recommended  and 
'  long  used  for  the  more  imperfect  decomposition  of  silicates,  as  for 

obtaining  lithia  from  spodumene  and  lepidolite.  Lime  or  its  car- 
bohate,  well  mixed  with  many  silicates  finely  pulverized,  will  de- 
compose them  completely  at  a  white  heat,  but  no  one"  salt  of  lime 
is  capable  of  meeting  the  demand  of  the  entire  range  of  alkaline 
silicates. 

11.  In  consideration  of  these  difficulties  Berzelius  proposed  the 
use  of  hydrofluoric  acid,  and  this  method  when  applied  with  the 
numerous  precautions  required  will  serve  to  decompose  all  sili- 
cates; still,  according  to  Rose,  there  are  siliceous  compounds  that 
can  not  be  completely  decomposed  by  hydrofluoric  acid.  Be.««ides, 
this  acid  is  a  most  diagreeable  one  to  manipulate  with,  whether 
we  employ  Brunner's  apparatus  or  Laurent's  method,  or,  what  is 
always  the  best,  the  concentrated  add  previously  prepared.  I 
may  also  add  that  the  necessity  of  using  sulphuric  acid  after  the 
decomposition  is  made  is  another  objectionable  feature  in  this 
process. 

12.  The  above  furnishes  a  hasty  review  of  the  methods  we  are 
now  possessed  of  for  decomposing  the  silicates  in  order  to  deter- 
mine their  alkalies;  their  merits  can  be  contrasted  with  those  of 
the  method  about  to  be  described. 

13.  The  decomposing  agent  which  I  present  as  a  substitute  for 
all  others,  and  as  capable  of  meeting  the  demands  proposed  in  the 
commencement  of  this  article,  is  a  mixture  of  carbonate  of  lime  and 
Jiuorspar. 
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14.  Carbonate  of  lime  I  have  used  for  more  than  six  years  for 
decomposing  certain  of  the  alkaline  silicates,  and  more  successfully 
than  carbonate  of  baryta ;  still  in  numerous  instances  the  decom- 
position was  far  from  complete,  and  the  method  unsatisfactory. 
Notwithstanding  these  failures  I  felt  convinced  that  lime  was  the 
most  powerful  decomposing  agent  that  could  be  conveniently  em- 
ployed  for  this  purpose,  as  it  could  be  used  in  its  caustic  state  in  a 
platinum  crucible  without  injuring  the  latter,  although  exposed  to 
the  highest  temperature.  When  its  carbonate  is  used  a  red  heat 
sufficed  to  drive  off  the  carbonic  acid  and  bring  the  mineral  under 
the  action  of  caustic  lime — a  circumstance  that  does  not  take  place 
with  carbonate  of  baryta ;  and  it  is  well  that  it  does  not,  for  other- 
wise the  platinum  crucible  would  be  seriously  injured. 

15.  It  was  evident  that  the  only  obstacle  in  the  way  of  lime 
decomposing  the  silicates  as  thoroughly  as  caustic  potash  was  the 
impossibility  of  fusing  the  mixture,  and  thereby  bringing  the  pul- 
verized mineral  and  lime  intimately  in  contact.  This  difficulty 
overcome,  I  felt  confident  of  success.  Without  detailing  the  vari- 
ous methods  resorted  to,  it  will  suffice  to  state  that  the  object  in 
view  was  to  use  some  flux  along  with  the  mixture  of  the  silicate 
and  lime,  which  would  render  the  mixture  fluid  at  a  bright  red 
heat.  The  two  substances  which  recommend  themselves  after 
many  experiments  are  the  fluoride  and  chloride  of  calctum,  neither 
of  which  have  any  marked  decomposing  action  on  the  silicates ;  in 
fact,  their  action  is  simply  that  of  fluxes,  which  enable  the  lime 
and  silicate  to  come  in  contact  in  a  liquid  state,  effecting  nothing 
beyond  that.  It  is  with  the  fluoride  of  ccUcium  that  we  have  to  do 
in  this  part  of  the  paper,  leaving  the  details  on  the  use  of  the 
chloride  of  calcium  till  further  experiments  are  made  to  test  fairly 
its  value. 

16.  The  manner  in  which  I  proceed  is  as  follows:  Pulverize 
the  silicate  to  a  sufficient  degree  of  fineness  ;  it  is  not  required  that 
the  levigation  be  carried  to  any  great  extent ;  mix  intimately  in  a 
glazed  porcelain  mortar  a  weighed  portion  of  the  mineral  with  one 
part  of  pure  fluor  spar  and  four  or  five  parts  of  precipitated  car- 
bonate of  lime ;  *  introduce  it  into  a  platinum  crucible  capable  of 

*Thc  fluor-spar  used  is  the  transparent  variety,  free  from  all  impurities. 
It  is  easily  and  abundantly  procured  in  this  as  well  as  in  all  other  countries. 
The  carbonate  of  lime  is  made  by  dissolving  calc-spar  or  pure  marble  in 
hydrochloric  acid  (the  common  acid  may  be  used),  adding  an  excess  of  the 
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holding  three  times  the  bulk  of  mixed  powder.  The  platinum 
crucible  should  then  be  placed  in  one  of  earthenware,  with  a  little 
magnesia  on  the  bottom.  (I  always  prefer  the  crucible  made  in 
France,  called  Beaufay's  crucible,  to  inclose  platinum  crucibles 
when  heated  in  a  furnace,  as  their  form  and  cleanliness  make  them 
superior  to  the  Hessian  crucible  for  this  purpose.)  The  crucible 
may  then  be  covered  and  introduced  in  any  form  of  furnace  where 
a  bright  red  heat  can  be  procured. 

17.  I  have  been  using  a  common  open  portable  furnace,  heap- 
ing charcoal  over  the  top  of  the  crucible ;  and  so  easily  does  the 
effect  take  place  that  in  no  instance  has  there  been  a  failure  of 
complete  decomposition  with  as  simple  a  means  of  heating  as  the 
above  ;  and  I  have  ascertained  that  an  alcoholic  lamp  with  a  large 
circular  wick,  such  as  Jackson's  lamp,  urged  with  a  bellows,  will 
answer  for  making  a  complete  decomposition  of  zircon  in  twenty- 
five  minutes.  This  circumstance  is  not  stated  to  recommend  the 
use  of  a  lamp  for  every  mineral  decomposition  when  a  simple  por- 
table furnace  and  charcoal  are  so  accessible,  and  their  effects  so 
much  more  to  be  depended  upon  than  a  lamp.  From  thirty  min- 
utes to  one  hour's  exposure  to  the  heat  is  recommended. 

18.  It  was  an  important  point  to  test  first  how  far  this  mixture 
could  decompose  the  silicates  without  distinction  as  to  their  con- 
taining alkalies ;  for  it  was  a  very  simple  conclusion  that  if  those 
silicates  most  diflicult  of  decomposition,  and  containing  no  alkalies, 
were  completely  decomposed  by  this  process,  all  others  must  natu- 
rally give  way  under  its  action.  The  silicates  experimented  upon 
were  zircoHy  hjanite,  beryl,  topaz,  spodumene,  margarUe,  margarodite, 
and  feldspars  of  differeiit  descriptions.  All  were  readily  decompased 
by  the  method  just  described,  and  without  any  particular  care  in 
levigating  them.  One  gramme  of  the  zircon,  for  instance,  after 
being  crushed  in  the  diamond  mortar,  was  rubbed  up  for  fifteen 
minutes  in  a  large  agate  mortar  and  used.     Its  complete  decom- 

oiirbonnte ;  lime-watiT  or  milk  of  limo  is  then  poured  on  the  solution  until 
it  is  alkaline.  By  this  means  any  oxide  of  iron,  alumina,  or  magnesia  will 
be  thrown  down.  To  the  hot  filtered  solution  a  solution  of  carbonate  of 
ammonia  is  added,  and  the  precipitate  wu.'<hed  several  times  with  distilled 
water.  It  is  best  to  prepare  one's  own  carbonate  of  lime,  for  as  a  general 
rule  little  reliance  can  be  placed  on  the  carbonates  of  lime,  baryta,  strontia, 
etc.  sold  as  being  precipitated  by  carbonate  of  ammonia,  for  in  more  than 
one  instance  I  have  found  the  carbonate  of  baryta,  sold  as  a  carbonate  of 
ammonia  precipitate,  to  contain  soda. 
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position  was  not  only  shown  by  its  solution  in  hydrochloric  acid, 
but  by  the  amount  of  zircon ia  obtained,  which  was  64.8  per  cent, 
with  little  iron.  This  concludes  the  first  point  to  be  considered  in 
this  articje — namely,  the  means  necessary  to  render  the  silicates 
soluble.     The  next  point  is  the  separation  of  the  alkalies. 

11.  Separation  op  the  other  Ingredients  prom  the  Alkalies. 

19.  The  platinum  crucible,  with  its  fused  contents,  is  laid  on 
its  side  in  a  capsule  of  platinum  or  porcelain.  The  latter  can  be 
used  with  perfect  safety  to  the  accuracy  of  the  result.  A  quantity 
of  dilute  hydrochloric  acid  is  poured  into  the  capsule,  one  part  of 
acid  to  two  of  water.  The  whole  is  heated  over  a  lamp,  when  the 
contents  of  the  crucible  are  rapidly  dissolved  out;  the  crucible  is 
taken  out  and  washed  over  the  capsule ;  the  contents  of  the  capsule 
are  then  evaporated  to  dryness  over  a  sand-bath,  and,  if  thought 
necessary,  it  may  be  completed  over  the  lamp  without  danger  of 
the  spitting  which  occurs  in  the  soda  fusion.  This  evaporation  to 
dryness  is  not  absolutely  necessary;  but  the  advantage  of  it  is  that 
any  great  excess  of  hydrochloric  acid  is  got  rid  of,  and  the  precip- 
itate in  the  next  operation  is  less  bulky  than  it  otherwise  would  be. 

20.  To  the  dry  mass  a  little  hydrochloric  acid  is  added,  and 
then  three  or  four  ounces  of  water,  or  more,  as  the  occasion  may 
require.  It  is  then  boiled  for  a  short  time  in  the  same  capfeule, 
allowed  to  cool  down  a  little,  and  then  a  concentrated  solution  of 
carbonate  of  ammonia  is  slowly  added  until  there  is  an  excess  of 
the  same.  The  solution  becomes  at  first  quite  thick  with  the  pre- 
cipitate, but  in  a  short  time  (especially  with  a  little  warming  over 
the  lamp)  the  precipitate  accumulates  in  a  more  or  less  granular 
state,  and  afterward  occupies  less  space  in  the  filter  than  the  alu- 
mina it  might  contain  (in  a  feldspar,  for  instance)  were  this  latter 
precipitated  separately  by  ammonia ;  and  this  circumstance  is  of 
much  importance  in  diminishing  the  length  of  the  operations  and 
the  amount  of  water  accumulated  by  filtering  it  from  several  pre- 
cipitates. 

21.  It  will  be  seen  that  thus  far  the  operations  have  been  car- 
ried on  in  the  capsule  in  which  the  fusion  was  dissolved.  The  con- 
tents of  the  capsule  are  now  thrown  on  a  filter;  but  before  doing 
this  it  is  well  to  pour  on  a  little  of  the  solution  of  the  carbonate 
of  ammonia,  and  see  if  the  clear  part  of  the  liquid  be  rendered 
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turbid;  in  other  words,  ascertain  if  sufficient  carbonate  of  ammo- 
nia had  been  originally  added. 

22.  The  solution  that  passes  through  the  filter  contains  much 
sal  ammoniac,  the  alkalies  of  the  mineral,  and  a  little  lime.  If 
magnesia  be  one  of  the  ingredients  of  the  silicate  examined,  some 
of  this  is  also  present;  and  in  still  rarer  instances  some  of  the 
earths  soluble  in  carbonate  of  ammonia.  This  latter  complicates 
in  no  degree  the  remaining  steps  in  the  analysis.  It  is  best  to  let 
the  filtrate  pass  into  a  glass  fiask.  The  washings  of  the  filter  are 
collected  in  another  vessel  and  concentrated  to  a  small  bulk,  added 
to  the  first  filtrate,  and  the  whuie  boiled  for  some  time  to  drive  off 
the  carbonate  of  ammonia.*  When  no  great  haste  is  required  in 
the  matter  the  whole  filtrate  (first  portions  as  well  as  the  washings) 
are  collected  in  a  beaker  and  concentrated  over  a  sand-bath.  What 
remains  now  to  do  is  to  separate  from  the  alkalies  the  substances 
above  alluded  to.  I  commence  by  getting  rid  of  the  sal  ammoniac, 
and  this  brings  me  to  the  third  part  of  this  paper. 

III.  The  Removal  of  the  Sal  Ammoniac  unavoidably  accu- 
mulated IN  THi:  Process  of  Analysls. 

28.  This  is  probably  one  of  the  greatest  annoyances  to  the 
analyst  in  his  examination  of  minerals ;  first,  from  the  manner  hi 
which  the  salt  creeps  up  the  sides  of  the  vessel  in  which  the  evap- 
oration to  dryness  is  carried  on;  and  secondly,  from  the  great  diffi- 
culty of  preventing  loss  of  the  chlorides  of  the  fixed  alkalies  dur- 
ing the  volatilization  of  the  sal  ammoniac.  A  better  idea  is  formed 
of  this  by  an  exj)eriment  with  a  known  quantity  of  the  alkalies 
mixed  with  sal  ammoniac.  An  array  of  the  precautions  requisite 
to  Ix^  taken  can  be  seen  in  Rose's  last  edition  (German ),  pages  (> 
and  7.  Owing  to  these  difficulties,  which  my  experience  has  often 
led  me  to  contend  with,  the  method  about  to  be  mentioned  was 
contrived.  It  recommends  it<«elf  both  on  account  of  its  simplicity 
and  certainty  of  operation. 

24.  Having  some  time  back  noticed  the  decomposing  effect 
produced  by  heating  sal  ammoniac  with  nitric  acid,  the  nature  of 
the  decomposition  was  investigated  to  see  how  far  it  could  be  made 
use  of  to  decompose  entirely  the  sal  ammoniac.    The  result  of  the 

♦"What  reiuaiiis  in  the  filter  is  silica,  alumina,  fluoride  of  calcium,  oxide 
<»f  iron,  carbonate  of  lime,  etc. 
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investigation  was  that  the  sal  ammoniac  could  he  completely  de- 
composed at  a  low  temperature  into  gaseous  products,  and  it  was 
immediately. adopted  in  my  analytical  process  with  great  satisfac- 
tion both  as  to  accuracy  of  results  as  well  as  economy  of  labor.* 

'^Fortnation  of  almost  pure  Protoxide  of  Nitrogen  by  the  Action  of  Nitric 
Acid  on  Sal  AmmoJiiac. — The  cxperimentf?  made  with  the  nitric  acid  heated 
with  sal  ammoniac  to  test  the  character  of  the  decomposition  have  resulted 
in  the  discovery  of  a  new  metliod  for  procuring  j)rotoxide  of  nitrogen  with 
the  aid  of  a  very  low  temperature.  Among  the  experiments  the  following 
w»M'e  quantitative:  Two  grammes  of  sal  annnoniac  were  placed  in  a  gla.ss 
flask,  and  half  an  ounce  of  ni'tric  acid  poured  upon  it;  the  flask  was  con- 
nected with  a  small  wash-bottle  containing  a  little  water,  «nd  from  this 
latter  a  tube  passed  into  a  jineunuitic  trough  filled  with  hot  water;  heat  was 
apj)lied  to  the  flask;  before  the  temperature  reachfd  140°Fahr.  a  gas  began  to 
be  given  oft*,  and  at  160°  it  came  oflT  rapidly,  and  continued  to  do  so  after  the 
lamp  was  withdrawn.  A  .small  amount  of  red  funics  appeared  in  the  flask 
that  were  condensed  in  the  wash-bottle.  The  gas  that  passed  over  was  col- 
lected in  a  receiver,  and  measured  one  thousand  and  eight  cubic  centimetres. 
The  gas  smelt  of  chlorine.  The  flame  of  a  candle  burnt  with  an  increased 
brilliancy  when  introduced  in  it.  The  candle  was  reignited  when  extin- 
guished if  a  burning  coal  remained  on  the  end  of  the  wick.  No  red  fumes 
were  formed  when  it  came  in  contact  with  the  air,  and  the  gas  was  absorb- 
able by  cold  water.  The  properties  were  those  of  protoxide  of  nitrogen. 
In  another  experiment  the  gases  were  collected  at  diflTerent  stages  of  the 
[)rocess,  in  vials  over  hot  distilled  water,  and  a  solutitni  of  caustic  potiish 
introfluced  and  shaken  up  for  some  time.  This  latter  was  subsequently  anii- 
lyzed  for  the  chlorine  it  ab^orbetl,  and  in  three  difterent  ])ortions,  collected 
at  the  beginning,  middle,  aiid  end  of  the  process;  the  ])roportions  of  the 
chlorine  to  the  whole  bulk  of  the  gas  were  one  fifty-seventh,  one  twenty- 
nifith,  and  one  sixteenth.  The  amount  of  protoxide  of  nitrogen  due  to  the 
ammonia  in  two  granunes  of  sal  ammoniac  and  its  equivalent  of  nitric  acid 
is  eight  hundred  and  eighty-seven  cubic  centimetres.  The  gas  freed  from 
chlorine,  on  being  shaken  uj)  with  cold  water  for  some  time,  was  found  to 
be  almost  entirely  absorbed  by  the  water.  "What  remained  was  a  mixture 
of  nitrogen  and  a  little  air.  Sonjc  nitrous  or  hypo-nitrous  acid  forms  during 
the  whole  process  if  concentrated  nitric  be  used.  If,  however,  it  be  diluted, 
litlh'  or  none  is  fornjed,  and  the  gas  is  readily  given  oft'  at  about  212°  Fahr. 

In  all  ]ny  experiments  the  protoxide  of  nitrogen  constituted  from  seven 
eighths  to  twenty-four  twenty-fifths  of  the  gaseous  products,  and  w^hen 
waslied  from  its  chlorine  by  a  little  lime-water  or  .^^oda  possessed  all  the  pro])- 
erties  of  pure  protoxide  of  nitrogen;  and  I  would  recommend  it  as  a  conven- 
ient way  of  forming  this  gas,  es])ecially  when  not  required  for  respiration. 

The  character  of  the  decomposition  which  takes  place  is  somewhat  curi- 
ous and  unexpected.  At  first  I  supposed  that  the  decomposition  resulted  in 
the  formation  of  equal  volames  of  NO,  CI,  and  N;  but  it  appears  that  such 
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25.  The  manner  of  proceeding  is  as  follows :  to  the  filtrate  and 
washings  concentrated  in  the  way  mentioned  (22),  and  still  remain- 
ing  in  the  flask,  pure  nitric  acid  is  added — about  three  grammes  of 
it  to  every  gramme  of  sal  ammoniac  supposed  to  exist  in  the  liquid. 
A  little  habit  will  suffice  to  guide  one  in  adding  the  nitric  acid,  as 
even  a  large  excess  has  no  effect  on  the  accuracy  of  the  analysis. 

26.  The  flask  is  now  warmed  very  gently,  and  before  it  reaches 
the  boiling-point  of  water  a  gaseous  decomposition  will  take  place 
with  great  rapidity.  This  is  caused  by  the  decomposition  of  the 
sal  ammoniac  in  the  manner  described  in  the  note.  It  is  no  ad- 
vantage to  push  the  decomposition  with  too  great  rapidity.  A 
moderately  warm  place  on  the  sand-bath  is  best  adapted  for  this 
purpose.  With  proper  precautions  the  heat  can  be  continued  and 
the  contents  of  the  flask  evaporated  to  dryness  in  that  vessel ;  but 
it  is  more  judicious  to  pour  the  contents  of  the  flask,  after  the 
liquid  has  been  reduced  to  half  an  ounce,  into  a  porcelain  capsule 
(always  preferring  the  Berlin  porcelain)  of  about  three  and  a  half 
to  four  inches  diameter,  inverting  a  clean  funnel  of  smaller  diam- 
eter over  it,  and  evaporating  to  dryness  on  the  sand-bath  or  over  a 
lamp.  I  prefer  the  latter,  as  at  the  end  of  the  operation  the  heat 
can  be  increased  to  four  or  Ave  hundred  degrees. 

27.  By  this  operation,  which  requires  no  superintendence,  one 
hundred  grammes  of  sal  ammoniac  might  be  separated  as  easily 
and  safely  as  one  gramme  from  five  milligrammes  of  alkalies,  and 
no  loss  of  the  latter  be  experienced.  What  remains  in  the  capsule 
occupies  a  very  small  bulk.  This  is  now  dissolved  in  the  capsule 
with  a  little  water  (the  funnel  must  be  washed  with  a  little  water), 
small  quantities  of  a  solution  of  carbonate  of  ammonia  added,  and 
the  solution  gently  evaporated  nearly  to  dryness.     This  is  done  to 


is  not  the  case,  and  that  all  but  a  very  small  portion  of  the  ammonia,  with 
its  equivalent  of  nitric  acid,  is  converted  into  NO,  the  liberated  hydochlorio 
acid  mixing  with  the  excess  of  nitric  acid.  A  little  of  the  sal  ammoniac 
and  nitric  acid  does  undergo  the  decomposition  first  supposed,  and  in  this 
way  only  can  the  small  amounts  of  chlorine  and  nitrogen  be  accounted  for. 
At  the  time  this  method  was  first  tried  I  also  tried  the  decompoising  effects 
of  nitrate  of  ammonia  on  sal  ammoniac,  that  has  been  shown  by  Maumene 
(Comptea  Rendu.s,  Oct.  15,  1851)  to  result  in  the  formation  of  chlorine  and 
nitrogen;  but  the  difficulty  of  controlling  the  decomposition  once  commenced, 
the  putfing-up  of  the  mixture,  and  the  necessity  of  having  the  salts  dry  to 
begin  with,  render  this  method  (which  was  proposed  by  the  author  for  form- 
ing chlorine)  useless  in  processe?*  for  removing  the  sal  ammoniac  in  analysis. 
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separate  what  little  lime  may  have  escaped  the  first  actiou  of  the 
carbonate  of  ammonia,  or  may  have  passed  through  the  filter  (22) 
in  solution  in  carbonic  acid.  If  any  of  the  earths  soluble  in  car- 
bonate of  ammonia  existed  in  the  mineral,  those  now  become  sep- 
arated along  with  the  lime. 

28.  A  little  more  water  is  now  added  to  the  contents  of  the 
capsule,  and  the  whole  thrown  on  a  small  filter ;  the  filtrate  as  well 
as  the  washings  are  received  in  a  small  porcelain  capsule.  The 
liquid  contains  only  the  alkalies  (as  chlorides  and  nitrates)  mixed 
with  a  minute  quantity  of  sal  ammoniac.  This  is  evaporated  to 
dryness  over  a  water-bath,  and  then  heated  cautiously  over  the 
lamp  to  drive  off  what  sal  ammoniac  may  have  formed  (27), 
which  is  exceedingly  minute  if  the  process  as  pointed  out  be 
closely  adhered  to.  It  is  not  absolutely  necessary  to  heat  the 
capsule  over  the  lamp  to  get  rid  of  the  sal  ammoniac,  for  the 
little  sulphate  of  ammonia  which  may  be  formed  in  the  next  step 
is  easily  removed  in  the  final  heating  in  a  platinum  vessel. 

29.  On  the  contents  of  the  capsule,  as  taken  either  from  the 
water-bath  or  as  afler  being  heated  over  the  lamp,  pure  dilute 
sulphuric  acid  is  poured  (1  part  acid,  2  water),  and  the  contents 
boiled  for  a  little  time,  when  all  the  nitric  acid  and  chlorine  in 
combination  with  the  alkalies  will  be  expelled ;  the  acid  solution 
of  the  alkalies  is  now  poured  into  a  platinum  capsule  or  crucible, 
evaporated  to  dryness,  and  ignited.  -  In  order  to  insure  complete 
reduction  of  the  bisulphates  into  the  neutral  sulphates  the  usual 
method  must  be  adopted  of  throwing  some  pulverized  carbonate 
of  ammonia  into  the  platinum  cai)sule  or  crucible,  and  covering 
it  up  so  as  to  have  an  ammoniacal  atmosphere  around  the  salt, 
which  will  insure  the  volatilization  of  the  last  traces  of  free  sul- 
phuric acid.  The  alkalies  are  now  in  the  state  of  pure  sulphates, 
and  may  be  weighed  as  such.  The  manner  of  separating  the  alka- 
lies from  each  other  will  be  mentioned  further  on. 

30.  Thus  far  the  mineral  has  been  supposed  to  contain  no 
magnesia.  If  this  alkaline  earth  be  present,  we  take  the  residue 
as  found  in  the  capsule  (26),  dissolve  it  in  a  little  water,  then 
add  sufficient  pure  lime-water*  to  render  the  solution  alkaline ; 

♦If  lime-water  be  made  it  is  well  to  make  it  of  lime  of  the  best  quality, 
and  the  first  two  or  three  portions  of  distilled  water  shaken  up  should  be 
thrown  away  as  containing  the  small  amount  of  alkalies  sometimes  present 
in  lime. 
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boil  and  filter ;  the  magnesia  will  in  this  simple  way  be  separated 
from  the  alkalies.  The  solution  which  has  passed  through  the 
filter  is  treated  with  carbonate  of  ammonia  in  the  manner  alluded 
to  (27),  and  the  process  continued  and  completed  as  described 
(28,29). 

Summary. — Fuse  one  part  of  mineral  with  one  of  fluoride  of 
calcium  and  four  to  five  of  carbonate  of  lime;  dissolve  out  the 
content^'  of  the  crucible  with  hydrochloric  acid;  evaporate  to 
dryness  and  redissolve ;  precipitate  with  carbonate  of  ammonia ; 
filter,  boil,  and  concentrate  the  filtrate;  add  nitric  acid;  heat  and 
evaporate  to  dryness ;  dissolve  the  dry  mass  in  a  little  water  and 
treat  with  carbonate  of  ammonia;  filter  and  concentrate;  then 
add  sulphuric  acid ;  boil  for  a  little  while ;  pour  into  a  platinum 
crucible,  evaporate  to  dryness,  and  ignite.  If  magnesia  be  present 
treat  with  lime-water  prior  to  the  last  application  of  carbonate  of 
ammonia. 

Conversion  of  the  Sulphates  into  Chlorides. 

81.  In  continuation  of  the  subject  the  next  point  to  be  con- 
sidered is  the  conversion  of  the  sulphates  of  the  alkalies  into 
chlorides.  The  method  ordinarily  adoj)ted  to  accomplish  this 
change  is  to  precipitate  the  sulphuric  acid  by  means  of  chloride 
of  barium,  care  being  taken  to  avoid  the  slightest  excess  of  the 
latter.  The  annoyance  attendant  upon  this  exact  precipitation  is 
fiimiliar  to  all  who  may  have  had  occasion  to  make  the  trial. 

•]2.  Instead  of  the  chloride  of  barium  the  acetate  of  lead  is 
used ;  a  solution  of  this  salt  is  poured  in  excess  upon  the  solu- 
tion of  sulphates;  warming  the  latter  slightly,  the  sulphate  of 
lead  readily  separates;  the  whole  can  be  immediately  thrown  on 
a  filter  and  washed.  A.  drop  or  two  of  the  acetate  of  lead  should 
be  added  to  the  filtrate  to  insure  there  being  an  excess  of  the 
lead-salt. 

33.  The  filtrate  is  then  warmed  and  sulphureted  hydrogen 
added ;  care  must  be  taken  to  see  that  there  is  an  excess  of  sul- 
phureted hydrogen,  a  test  most  readily  performed  by  means  of  a 
piece  of  lead-[>aper.  The  liquid  is  thrown  on  a  filter  to  separate 
the  sulphuret  of  lead ;  the  filtrate  containing  the  alkalies  as  ace- 
tates is  evaporated  and  when  nearly  dry  an  excess  of  hydrochloric 
acid  is  added,  and  the  whole  evaporated  to  dryness  over  a  water- 
bath,  and  finally  heated  to  above  500°.     A  hot  solution  of  the 
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chloride  of  lead  can  be  used  instead  of  the  acetate,  rendering  the 
addition  of  hydrochloric  acid  unnecessary. 

84.  It  need  J?  but  little  experience  to  convince  one  of  the  supe- 
riority of  this  method  over  that  by  the  chloride  of  barium  for 
converting  the  sulphates  into  the  chlorides,  its  principal  recom- 
mendation being  the  indifference  with  which  an  excess  of  the 
lead-salt  can  be  added  to  precipitate  the  sulphuric  acid,  and  the 
siibseqHent  facility  with  which  that  excess  of  lead  can  be  got 
rid  of  It  may  be  well  to  state  that  experiments  were  made  to 
prove  the  perfect  precipitation  of  the  sulphuric  acid  from  the  sul- 
phates of  the  alkalies  by  the  salts  of  lead,  and  it  is  only  after 
numerous  comparative  results  that  it  is  now  recommended. 

To  Distinguish  the  Alkalies  from  each  other  when  Mixed. 

35.  To  distinguish  potash,  soda,  and  lithia  when  mixed  is 
attended  with  more  or  less  difficulty  according  to  the  proportions 
in  which  they  are  mixed ;  of  the  three  potash  is  the  most  easily 
recognized,  next  in  order  is  soda,  and  lastly  lithia;  the  presence 
of  which,  mixed  in  small  amount  with  proportionally  large  quan- 
tities of  the  other  alkalies,  it  is  almost  impossible  to  decide  on 
with  any  accuracy  without  direct  separation. 

36.  In  the  analysis  of  many  minerals  the  characters  of  which 
lead  to  the  supposition  of  the  presence  of  the  alkalies,  it  is  useless 
to  precede  the  quantitative  determination  by  one  of  a  qualitative 
character,  especially  as  the  steps  to  be  followed  to  separate  the 
alkalies  are  tile  same  in  both  cases,  and  to  proceed  in  this  way  is 
economy  of  time.  From  ray  own  experience  concerning  the  con- 
stitution of  the  silicates  there  are  doubtless  but  a  very  few  of 
them  without  an  appreciable  quantity  of  alkalies  in  their  consti- 
tution ;  and  an  easy  method  to  examine  with  certainty  the  compo- 
sition of  such  small  quantities  of  alkaline  chlorides  must  add  to 
our  analytical  knowledge.  With  a  little  experience  the  method 
about  to  be  descril)ed  will  be  found  very  available. 

37.  To  ascertain  the  nature  of  the  alkalies  present  in  the  chlo- 
rides, before  proceeding  to  separate  them  we  abstract  a  quantity 
so  small  as  not  sensibly  to  affect  the  weight  of  the  mass.  The 
smallest  piece  of  the  dried  mass,  that  need  not  exceed  one  fiftieth 
of  an  inch  in  diameter,  is  placed  on  a  slip  of  glass,  and  to  it  is 
added  a  drop  of  a  watery  solution  of  very  pure  chloride  of  plati- 
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num,*  not  too  concentrated,  and  the  plate  gently  warmed  ;  if  pot- 
ash be  present  a  yellow  deposit  soon  takes  place,  which  by  the 
microscope  will  be  seen  to  consist  of  octahedral  crystals  of  the 
double  chloride  of  potash  and 
platinum;  the  evaporation 
should  be  continued  very  gen- 
tly with  a  heat  not  exceeding 
120°  to  130°  until  the  liquid 
begins  to  dry  on  the  edge ;  if 
this  be  now  examined  under 
the  microscope  and  soda  be 
present,  beautiful  needle-shap- 
ed crystals  will  be  seen,  both 
formed  and  forming,  with  an 
oblique  angle  of  termination, 
the  crystals  frequently  having 
re-entefing  angles,  as  represented  in  the  figure.  The  border  of 
liquid  on  the  glass  is  the  place  to  observe  these  crystals,  and  that 
while  the  process  of  drying  is  going  on.  When  the  amount  of 
soda  is  very  small  it  is  best  to  allow  the  solution  on  the  glass  to  dry 
in  the  slowest  possible  manner.  Should  the  quantity  of  soda  be 
still  smaller,  or  the  nature  of  the  crystals  doubtful,  resort  may  be 
had  to  polarized  light,  when  the  prismatic  crystals  of  chloride  of 
platinum  and  sodium  will  be  at  once  rendered  visible  by  their  beau- 
tiful colors,  as  they  possess  polarizing  properties,  whereas  the  crys- 
tals of  chloride  of  platinum  and  potassium,  besides  differing  in 
form,  do  not  polarize  light. 

38.  This  method  of  detecting  a  small  quantity  of  soda  in  the 
presence  of  potash  I  have  employed  siuce  June,  1850,  while  en- 
gaged in  the  examination  of  the  collection  of  urinary  calculi  be- 
longing to  the  Dupuytren  Museum  at  Paris ;  at  that  time  it  was 
employed  daily  in  the  laboratory  of  Messrs.  Wurtz  and  Verdeil ; 
the  special  reason  for  devising  it  was  to  examine  the  nature  of  the 
trace  of  alkali  almost  invariably  found  in  the  uric  acid  calculi  after 
combustion. 

39.  The  reason  for  making  special  reference  to  the  date  of  the 
original  .employment  of  this  method  is  to  claim  priority  in  its  use, 
as  Mr.  Andrews  announces  it  in  a  late  number  of  the  Chemical 

*The  alcoholic  solution  does  not  give  perfect  results,  and  should  not 
be  used. 
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Gazette  as  a  new  method.  Were  not  the  method  so  well  known 
and  so  constantly  employed  in  the  laboratory  of  Wurtz  and  Verdeil 
at  the  period  above  mentioned,  I  should  not  now  set  up  any  recla- 
mation in  the  matter. 

40.  The  amount  of  soda  that  can  thus  be  detected  is  exceed- 
ingly small,  as  the  liquid  can  be  concentrated  to  the  very  smalle^?t 
bulk.  When  the  amount  of  potash  is  proportionally  large  com- 
pared with  that  of  the  soda  it  is  better  to  put  the  chloride  of  plat- 
inum in  a  drop  of  the  solution  of  the  alkaline  chlorides  placed  in  a 
watch-glass,  allow  the  potash -salt  to  settle,  take  a  little  of  the  clear 
liquid,  place  it  on  a  slip  of  glass,  evaporate  slowly,  and  examine  in 
the  way  already  mentioned.  We  should  avoid  the  use  of  alcohol 
as  a  solvent  for  the  salts  employed. 

41.  For  the  full  appreciation  of  this  method  it  requires  some 
experience,  and  on  first  trials  the  extreme  results  will  not  be  readily 
obtained;  too  much  care  can  not  be  taken  with  reference  to  the 
evaporation ;  sometimes,  if  the  evaporation  be  a  little  too  speedy, 
no  indication  of  the  presence  of  soda  will  be  evinced;  so  in  all 
doubtful  instances  the  glass  should  be  laid  aside  for  an  hour  or  two, 
when  the  excess  of  the  chloride  of  platinum  will  attract  moisture 
from  the  air  and  afford  an  opportunity  for  the  chloride  of  platinum 
and  soda  to  crystallize  regularly.  For  the  most  perfect  success  in 
very  minute  quantities  of  soda  too  great  an  excess  of  chloride  of 
platinum  should  be  avoided.  Those  engaged  in  mineral  analysis, 
who  will  employ  this  means  of  detecting  the  presence  of  the  alkali, 
will  find  it  of  great  assistance  in  facilitating  their  labors,  especially 
when  directed  to  very  minute  accuracy  in  their  results,  for  I  have 
reason  to  believe  it  rare  to  find  in  minerals  any  one  of  the  alkalies 
perfectly  free  from  one  of  the  others. 

42.  When  the  chloride  of  lithium  is  present  it  interferes  ma- 
terially with  this  method  of  detecting  small  amounts  of  soda ;  for, 
owing  to  its  very  deliquescent  nature,  it  abstracts  moisture  from  the 
air,  and  dissolves  the  double  chloride  of  sodium  and  platinum,  or 
prevents  altogether  its  formation  into  recognizable  crystals.  These 
investigations  have  not  added  any  thing  to  w^hat  is  already  known 
concerning  the  detection  of  lithia  mixed  with  soda  and  potash  ;  the 
plan  invariably  adopted  is  to  treat  the  mixed  chlorides  with  a  solu- 
tion of  alcohol  and  ether,  and  examine  the  part  dissolved  by  the 
blow-pipe.  Details  as  to  the  manner  of  using  the  alcohol  and  ether 
solution  are  given  under  the  next  head. 
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Separation  of  the  Alkalies  from  each  other. 

43.  Under  this  head  I  have  nothing  to  add  to  what  is  already 
known  on  the  subject.  It  may  be  well,  however,  to  mention  the 
manner  in  which  Ranimelsberg's  method  of  separating  lithia  has 
been  employed,  as  it  has  not  yet  been  fairly  tested  in  this  country. 
His  method,  it  is  well  known,  is  based  on  the  solubility  of  the 
chloride  of  lithium  in  a  mixture  of  equal  parts  of  absolute  alcohol 
and  ether,  neither  of  the  other  chlorides  being  dissolved  by  this 
menstruum.  A  number  of  experiments  were  made  on  known 
quantities  of  the  alkalies,  and  the  results  of  some  of  them  are  as 
follows : 

(a)  Five  hundred  milligrammes  of  chloride  of  potassium  treated 
with  the  mixture  of  ether  and  alcohol,  ten  grammes  of  the  latter 
being  used,  yielded  only  three  tenths  of  a  milligramme  to  the 
liquid. 

(b)  Five  hundred  milligrammes  of  chloride  of  sodium  treated 
in  the  same  way  yielded  one  half  of  a  milligramme  to  the  liquid. 

(c)  A  mixture  of  chlorides  of  potassium,  sodium,  and  lithium, 
in  which  the  latter  constituted  two  per  cent  of  the  mass,  was  acted 
on  by  the  ether  and  alcohol,  filtered  and  evaporated  to  dryness;  the 
residue  was  equal  to  2.53  per  cent.  The  quantity  used  was  CI  K 
and  CI  Na  each  200  milligrammes,  CI  Li  0.8  milligramme. 

(d)  A  similar  mixture  containing  18.10  per  cent  of  chloride  of 
lithium  furnished  a  residue  of  17.65  per  cent. 

(6)  A  similar  mixture  containing  67.20  per  cent  of  chloride  of 
lithium  gave  a  residue  of  68.40. 

44.  By  these  results  it  may  be  seen  that  this  method  of  sepa- 
rating lithia  from  the  other  alkalies  may  be  perfectly  relied  on.  It 
only  remains  to  detail  the  precautions  to  be  taken  in  order  to  insure 
accurate  results. 

45.  The  solution  of  alcohol  and  ether  must  be  made  of  absolute 
alcohol  mixed  with  its  volume  of  pure  ether.  The  chlorides  must 
be  dried  thoroughly  at  212°  or  a  little  above ;  if  they  have  at  any 
time  been  heated  much  higher,  a  drop  or  two  of  hydrochloric  acid 
must  be  added  to  the  chlorides,  that  are  subsequently  dried  at  the 
temperature  just  mentioned.  The  desiccation  is  best  carried  on  in 
a  small-sized  capsule.  To  the  dry  mass  a  small  (quantity  of  the 
mixture  of  alcohol  and  ether  is  added  and  stirred  with  a  small 
gla-'-  rod;  the  chlorides  soon  disintegrate ;  the  capsule  and  its  con- 
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tents  are  placed  on  a  glass  plate  and  covered  with  a  small  bell-glass 
(a  common  tumbler  answers  the  purpose  very  well,  especially  if 
the  edge  be  ground);  this  is  left  to  digest  for  twenty-four  hours, 
and  then  thrown  on  a  filter  and  washed  with  the  alcohol-ether  solu- 
tion ;  the  chlorides  of  sodium  and  potassium  remain  on  the  filter. 
These  last  can  be  dissolved  off  the  filter  by  means  of  water,  and 
separated  in  the  ordinary  way. 

46.  The  alcohol-ether  solution  of  chloride  of  lithium  is  evapo- 
rated to  dryness,  converted  into  sulphate,  and  weighed.  The  re- 
sults thus  obtained  far  exceed  in  accuracy  those  of  any  other 
method  for  separating  lithia.  The  indirect  method,  by  ascertain- 
ing the  quantity  of  sulphuric  acid  contained  in  the  mixed  sul- 
phates, is  the  next  best,  but  like  all  indirect  methods  of  analysis 
should  never  be  employed  except  when  it  is  absolutely  necessary. 

47.  When  the  alkalies  are  presented  in  the  form  of  chlorides 
before  their  quantity  has  been  estimated  in  some  other  form  it  is 
best  to  proceed  first  to  the  separation  of  lithia,  afterward  weigh  the 
chlorides  not  dissolved  by  the  alcohol-etfier,  and  lastly  separate  the 
potash-chloride  from  the  soda-chloride,  if  both  be  present,  by 
means  of  the  bichloride  of  platinum.  Experiments  were  made 
with  a  mixture  of  alcohol  and  chloroform,  the  results  of  which 
were  not  as  satisfactory  as  those  afforded  by  the  alcohol-ether. 

SURSTITUTION    OF    ChLORIDE    OF    AmMONUTM    FOR    FlUORIDE    OF 

Calcium,  to  mix  with  Carbonate  of  Lime  to  Decomi»o.se 
THE  Silicates. 

48.  It  was  mentioned  in  the  previous  paper  on  this  subject  how 
carlwnate  of  lime  could  be  rendered  as  powerful  in  its  decomposing 
agency  on  the  silicates  as  caustic  potash,  the  effect  being  due  to  the 
use  of  some  flux,  fluoride  and  chloride  of  calcium  being  used  for 
that  purpose.  I  have  since  tested  more  carefully  the  merits  of  the 
chloride  of  calcium,  and  for  various  reasons  prefer  it  to  the  exclu- 
sion of  the  fluoride.  In  the  first  place,  it  introduces  chlorine  in- 
stead of  fluorine  into  the  analysis ;  and  secondly,  the  fusion  is  more 
easily  detached  from  the  crucible  and  dissolved  by  hydrochloric 
acid. 

49.  The  manner  of  introducing  the  chloride  of  calcium  into  the 
mixture  of  mineral  and  carbonate  of  lime  was  a  point  of  some 
little  importance,  as  from  the  deliquescent  nature  of  that  com- 
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pound  it  was  inconvenient  to  weigh  and  mix  it  with  the  carbonate 
of  lime  and  mineral.  These  difficulties  are  obviated  by  employing 
Morule  of  ammonium  to  form  indirectly  the  chloride  of  calcium. 

50.  The  process,  which  appears  to  leave  hardly  any  thing  to  de- 
sire, is  to  take  one  part  of  the  finely  pulverized  mineral,  five  to  six  of 
carbonate  of  lime,  and  one  half  to  tliree  fourths  of  Moride  of  ammonium,^ 
mix  them  intimately  in  a  glazed  mortar,  introduce  the  mixture  in 
a  platinum  crucible,  heat  to  bright  redness  in  a  fumacef  from 
thirty  to  forty  minutes. 

51.  There  is  no  silicate  which,  after  having  undergone  this  pro- 
cess, is  not  easily  dissolved  by  hydrochloric  acid.  For  the  action 
of  the  lime  to  have  been  complete  it  is  not  neces.sary  that  the  mass 
should  have  settled  down  in  a  perfect  fusion.  The  contents  of  the 
crucible  are  dissolved  and  the  analysis  continued  as  pointed  out  in 
19,  20,  21,  etc. 

52.  This  method  insures  the  obtaining  of  every  particle  of  the 
alkalies  in  the  mineral  examined,  requiring  no  more  precaution 
than  any  good  analyst  is  expected  to  take  in  the  simplest  of  his 
processes,  and  not  the  least  of  the  advantages  is  the  ready  method 
of  separating  all  the  other  ingredients  and  the  small  accumulation 
of  water  arising  from  the  little  washing  necessary. 

A  MORE  Speedy  Method  of  Separating  the  Alkalies  Directly 
FROM  THE  Lime  Fusion  for  both  Qualitative  and  Quanti- 
tative Determination. 

53.  As  soon  as  the  fusion  with  carbonate  of  lime  and  sal  am- 
moniac gave  evidence  of  the  mineral  being  so  thoroughly  attacked, 
the  question  naturally  arose  as  to  the  condition  the  alkalies  were  in 
after  the  fusion,  and  the  possibility  of  dissolving  them  out  by  the 
agency  of  water  alone,  at  least  for  the  purpose  of  qualitative 
determination.      Experiments  directed  to  this  object  soon  made 


♦The  chloride  of  aininonium  is  best  obtained  in  a  pulverulent  condition 
by  dissolving  some  of  the  salt  in  hot  water  and  evaporating  rapidly;  the 
greater  portion  of  the  ehloride  of  ammonium  will  deposit  itself  in  a  pulver- 
ulent condition  ;  the  water  it*  poured  off,  and  the  salt  thrown  on  bibulous 
paper  allowed  to  dry ;  the  final  desiccation  being  carried  on  in  a  water-bath, 
or  in  any  other  way  w^ilh  a  corresponding  temperature. 

tAn  ordinary  portable  furnace  with  a  conical  sheet-iron  cap  from  two  to 
three  feet  high  answers  the  purpose  perfectly  well,  all  the  requisite  heat 
being  afforded  by  it. 
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it  evident  that  the  alkalies  might  be  obtained  from  any  silicate 
without  resorting  to  the  use  of  acid  as  a  solvent  for  the  fusion. 

54.  The  mass  as  it  comes  from  the  crucible  is  placed  in  a 
capsule  with  water,  and  then  heated  in  a  sand-bath  or  over  a  lamp 
for  two  or  three  hours,  renewing  the  water  from  time  to  time  as 
it  evaporates.  The  mass  disintegrates  very  shortly  after  being 
placed  in  the  water.  The  contents  of  the  capsule  are  next  thrown 
on  a  filter,  and  the  water  passes  through  containing  the  chloride 
of  the  alkalies,  a  little  chloride  of  calcium  and  caustic  lime.  All 
else  that  the  mineral  may  have  contained  remains  on  the  filter 
except  baryta  and  strontia,  if  they  be  present  in  the  mineral ;  but 
as  these  oxides  are  of  rare  occurrence  in  silicates  no  allusion  will 
be  made  to  them  here. 

55.  To  the  filtrate  add  carbonate  of  ammonia,  and  boil  for 
some  time,  when  all  the  lime  will  be  precipitated  as  carbonate; 
add  a  few  drops  of  a  solution  of  carbonate  of  ammonia  to  the 
hot  solution  to  be  sure  that  all  the  lime  is  precipitated.  Should 
this  be  the  case,  filter;  the  filtrate  will  contain  the  chlorides  of 
the  alkalies  and  chloride  of  ammonium.  It  is  evaporated  to  dry- 
ness over  a  water-bath  in  a  small  platinum  capsule;  the  capsule 
is  carefully  heated  to  expel  the  sal  ammoniac,  and  finally  warmed 
up  to  700°  or  800°  Fahr.  It  is  then  weighed  with  its  contents, 
and  the  chlorides,  if  mixed,  separated  in  the  way  mentioned  in 
45  and  46.  The  amount  of  sal  ammoniac  to  be  expelled  is  quite 
small,  not  equaling  the  weight  of  mineral  originally  employed. 

56.  Nothing  in  analysis  can  be  simpler  or  more  speedy  than 
this  process.  Its  constant  accuracy  still  lacked  some  little  to  ren- 
der it  perfect,  as  usually  an  amount  of  alkali  remains  behind, 
represented  by  from  two  tenths  to  one  per  cent  of  the  mineral 
used ;  certainly  a  small  amount,  but  still  too  much  to  be  omitted 
in  an  accurate  analysis.  This  also  must  be  arrived  at,  and  it  can 
be  accomplished  in  the  following  manner. 

57.  After  the  fused  mass  has  been  treated  with  water  filtered 
and  washed,  as  in  54,  the  filter  and  its  contents  are  dried ;  the 
latter  are  detached  from  the  filter  and  rubbed  up  in  a  glazed 
mortar  with  an  amount  of  sal  ammoniac  equal  to  one  half  the 
weight  of  the  mineral,  and  reheated  in  a  platinum  crucible  ex- 
actly as  in  the  first  instance,  treated  with  water,  thrown  on  a  filter 
and  washed,  the  filtrate  added  to  that  from  the  first  fusion,  the 
whole  treated  with  carbonate  of  ammonia  and  completed  as  in  55. 

15 
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68.  This  second  fusion  complicates  the  method  but  little,  as  the 
residue  on  the  filter  readily  dries  in  a  water-bath  into  a  powder 
that  is  easily  detached  from  the  filter,  and  the  small  portion  ad- 
hering to  the  latter  may  be  disregarded,  as  the  alkalies  remaining 
rarely  exceed  more  than  one  five-hundredth  of  the  whole  mass, 
and  in  most  instances  not  more  than  one  thousandth.  In  many 
analyses  made  one  fusion  suflBced  for  the  entire  extraction  of  the 
alkalies;  but,  as  a  few  tenths  would  occasionally  remain  behind, 
we  preferred  the  additional  fusion  to  get  at  that  small  quantity, 
and  to  entitle  it  to  rank  as  a  method  by  which  all  but  the  merest 
trace  of  the  alkalies  could  be  extracted  from  the  insoluble  sili- 
cates. 

59.  The  proportion  of  sal  ammoniac  added  to  the  carbonate  of 
lime  as  here  recommended  is  arrived  at  after  numerous  experi- 
ments. By  increasing  the  sal  ammoniac,  and  thereby  augmenthig 
the  amount  of  chloride  of  calcium  formed,  the  mass  fuses  more 
thoroughly,  but  the  water  does  not  disintegrate  it  as  completely  as 
when  the  ammoniacal  salt  is  less;  also  the  accumulation  of  this 
latter  at  the  end  of  the  process  is  less,  an  object  not  to  be  disre- 
garded. The  advantage  of  thus  estimating  the  alkalies  in  insoluble 
silicates  is  obvious.  The  long  routine  of  separating  silica,  alumina, 
lime,  etc.  is  done  away  with;  the  accumulation  of  chloride  of  am- 
monium is  very  trifling;  and  lastly,  the  alkalies  are  obtained  di- 
rectly in  the  form  of  chlorides.  The  method  will  vie  in  accuracy 
with  any  other,  including  the  one  already  mentioned  in  the  first 
part  of  this  paper,  and  at  the  same  time  it  is  unequaled  in  sim- 
plicity, speed  of  execution,  and  constancy  of  results. 

60.  In  examining  for  alkalies  qualitatively,  one  fusion  will  of 
course  be  all  that  is  necessary,  and  the  action  of  the  water  need 
not  be  continued  more  than  thirty  minutes  before  filtering.  This 
method  answers  even  when  boracic  acid  is  present  in  the  silicate. 
The  manner  of  proceeding  in  such  a  case  will  be  mentioned  in  a 
future  paper  on  the  determination  of  boracic  acid  in  minerals. 

61.  There  is  nothing  new  in  the  attempt  to  dissolve  out  the 
alkalies  by  water  from  a  silicate  that  had  been  heated  with  lime. 
M.  Fuchs  used  the  method  for  procuring  lithia  from  lepidolite ; 
but  of  course  his  efforts  were  entirely  directed  to  procuring  the 
lithia  from  the  mineral,  and  not  to  estimating  its  quantity,  as  the 
method  he  followed  could  not  have  furnished  such  results.  I  have 
also  lately  learned  that  Mr.  A.  A.  Hayes,  of  Boston,  proposed  and 
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employed  a  mixture  of  chloride  of  calcium  and  caustic  lime  to  de- 
compose alkaline  silicates,  heating  over  a  lamp,  and  subsequently 
treating  the  mass  with  water  to  extract  the  alkalies  or  chlorides. 
As  little  has  been  heard  of  this  process,  I  presume  the  author  found 
it  defective.  If  we  are  correctly  informed,  the  proportions  used 
were  three  parts  of  chloride  of  calcium  and  one  of  caustic  lime. 
Experience  proves  that,  however  readily  such  a  mixture  may  re- 
duce the  feldspars,  it  fails  when  tried  on  kyanite,  zircon,  micas, 
and  other  silicates  difficult  of  decomposition.  This  arises  from  the 
fact  that  the  chloride  of  calcium  has  but  little  decomposing  effect 
on  the  silicates,  its  action  being  simply  that  of  a  menstruum  in 
which  the  lime  can  act  conveniently  on  the  mineral. 

62.  The  use  of  lime  or  its  carbonate  mixed  with  chloride  of 
calcium  or  chloride  of  ammonium,  for  the  purpose  of  effecting  the 
decompositions  alluded  to,  would  be  considered  by  me  of  question- 
able utility  if  the  mixture  were  not  so  proportioned  and  employed 
as  to  decompose  the  most  difficult  silicates,  if  necessary ;  for  unless 
this  be  done  we  can  at  no  time  be  certain  that  the  decomposition 
is  complete.  As  a  general  rule  for  decomposing  silicates  by  lime 
or  soda,  it  is  far  better  to  use  a  charcoal  fire  than  the  flame  of  a 
lamp,  as  it  is  better  to  heat  too  high  than  not  to  heat  sufficiently 
the  mineral  to  be  acted  on. 

Complete  Analysis  of  an  insoluble  Silicate  on  one  Portion 
OF  THE  Mineral. 

63.  The  effort  to  accomplish  an  analysis  of  this  description 
deserves  no  encouragement,  from  the  almost  invariable  inaccuracy 
attending  the  results.  If  we  have  a  given  quantity  of  any  one  of 
the  silicates  alluded  to  requiring  analysis,  we  had  better  subdivide 
it,  however  small  the  entire  quantity  may  be,  ascertain  one  set  of 
ingredients  by  the  soda  and  the  other  by  the  lime  fusion ;  for  the 
results  thus  obtained  may  be  relied  on  as  more  accurate  than  those 
furnished  by  an  analysis  of  the  whole  quantity  through  the  agency 
of  baryta  or  hydrofluoric  acid. 

64.  Should  it  be  desired  to  undertake  the  analysis  on  a  single 
portion,  I  would  recommend  the  silicate  to  be  attacked  with  car- 
bonate of  baryta  mixed  with  die  chloride — three  to  four  parts  of  car- 
bonate and  two  of  chloride.  This  mixture  can  be  made  to  decom- 
pose all  silicates  at  a  much  lower  temperature  than  when   the 
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carbonate  alone  is  used,  but  its  action  is  not  near  so  powerful  as 
the  carbonate  of  lime  and  sal  ammoniac. 

65.  This  terminates  an  account  of  my  labors  in  the  determina- 
tion of  the  alkalies  in  insoluble  silicates.  The  conclusions  have 
been  arrived  at  from  more  than  two  years*  experience  and  over  a 
hundred  alkali  determinations  by  myself  and  others  made  on  min- 
erals of  the  most  varied  composition.  In  my  laboratory  an  accu- 
rate alkali  determination  is  one  of  the  most  simple  and  speedy 
analytical  processes  now  conducted,  and  the  presence  of  magnesia 
in  no  degree  complicates  the  result.  A  little  experience  will  no 
doubt  bring  others  to  the  same  conclusions.  Many  singular  de- 
compositions of  salt«  have  been  noticed  in  the  course  of  these 
researches ;  but  as  they  do  not  bear  directly  on  the  object  of  this 
article  they  will  be  made  known  on  another  occasion. 

Many  analytical  processes  mentioned  in  this  article  can  be  ap- 
plied when  operating  on  soluble  silicates. 
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U.  S.  Astrorwm,  Exped.,  OHlis's  RepoH,  ii,  1854,  pp.  85-107. 

The  minerals  collected  by  the  United  States  naval  astronom- 
ical expedition  were  almost  exclusively  those  of  silver  and  copper. 
The  specimens  of  the  ores  of  these  two  metals,  taken  in  connection 
with  all  authentic  accounts,  would  lead  one  to  believe  that  Chile 
hardly  has  a  parallel  in  any  region  m  the  globe  for  the  abundance 
as  well  as  purity  of  these  ores.  Were  it  not  for  the  physical  diffi- 
culties connected  with  the  surface  of  the  country,  and  the  scarcity 
of  water  and  fuel,  the  wealth  accruing  to  Chile  from  the  working 
of  these  mines  would  be  far  greater  than  it  is  now. 

Although  the  expedition  furnishes  no  geological  report  of  the 
country,  it  is  thought  proper,  before  describing  the  minerals  in 
detail,  to  give  some  general  idea  of  the  geology  of  the  country, 
more  especially  as  connected  with  the  minerals  collected ;  and  for 
this  purpose  recourse  is  had  to  the  labors  of  M,  Domeyko  and  M. 
L.  Crosnier,  as  published  in  the  Anncdes  des  Mines, 

A  general  idea  of  the  geological  structure  of  Chile  is  readily 
formed,  although  we  might  be  led  to  suppose  otherwise  from  the 
great  disturbing  forces  that  have  operated  in  that  part  of  the  world 
in  the  form  of  injected  masses  of  igneous  rock,  as  well  as  from  the 
present  changes  produced  by  existing  volcanic  action  and  the  grad- 
ual elevation  of  the  whole  country,  with  daily  recurrence  of  earth 
quake  action.  These  disturbing  forces  do  not,  however,  in  any 
way  interfere  with  our  study  of  the  general  geology  of  the  country, 
while  of  course  it  renders  the  investigation  of  the  geology  of  any 
particular  region  exceedingly  embarrassing. 

The  great  chain  of  the  Andes  extends  parallel  to  the  coast 
of  Chile  at  a  distance  of  from  ninety  to  one  hundred  miles.  On 
the  eastern  side  it  descends  by  gradual  slopes  toward  the  immense 
plains  of  the  Argentine  Republic.  On  the  western  side,  where  the 
u})heaving  force  appears  to  have  concentrated  all  its  energy,  the 
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slopes  are  abrupt,  and  transformed  frequently  into  vertical  preci- 
pices of  considerable  height.  The  mountains  appear  heaped  con- 
fusedly one  on  top  of  the  other,  and  the  first  impression  is  that  in 
the  midst  of  so  much  confusion  it  is  vain  to  seek  for  the  primitive 
condition  of  the  surface  of  Chile.  Stratified  rocks  disappear  en- 
tirely from  north  to  south  for  the  mean  width  of  forty-five  miles — 
from  the  desert  of  Atacama  to  Valdivia.  These  rocks,  although 
they  once  existed,  are  now  profoundly  altered  or  entirely  melted 
by  contact  with  the  enormous  masses  of  granite.  The  clay-shales, 
which  doubtless  constituted  the  mass  of  the  original  stratified 
rocks,  are  now  transformed  into  porphyries  of  every  shade  and 
of  the  most  varied  composition,  alternating  in  some  parts  with 
beds  of  compact  quartz.  Even  when  the  rocks  are  seen  stratified, 
far  removed  from  the  masses  of  granite,  and  in  beds  sensibly  hori- 
zontal or  little  inclined,  still  the  numerous  injected  veins  which 
traverse  them  and  ramify  in  all  directions  prove  that  hardly  any 
where '  have  the  rocks  escaped  the  modifying  force  of  igneous 
action. 

Two  immense  granite  elevations  appear  to  have  disturbed  Chile 
in  its  entire  length  parallel  to  the  coast.  One  is  immediately  on 
the  coast,  with  an  average  breadth  of  forty-five  miles,  while  the 
other  is  one  hundred  miles  east  in  the  midst  of  stratified  rocks. 
The  first  range  plunges  into  the  sea,  having  valleys  in  various  parts 
of  it  filled  with  tertiary  deposits.  As  regards  the  respective  ages 
of  these  two  ranges  there  appears  to  be  a  difference  of  opinion ; 
some  supposing  that  the  range  on  the  coast  was  first  upheaved,  and 
at  a  subsequent  period  the  inner  range,  while  others  suppose  them 
to  have  originated  at  the  same  time.  But  whichever  one  of  these 
suppositions  is  true,  the  general  characters  of  the  rock  of  the  two 
ranges  are  the  same,  as  well  as  the  metalliferous  veins  and  accom- 
panying vein  rocks.  Associated  with  the  granite  of  these  ranges 
are  hornblende  rocks  of  the  greatest  variety,  porphyries  of  all 
shades,  containing  crystals  of  feldspar  sometimes  of  considerable 
size.  Besides  these,  there  are  other  compact  rocks  which  can  not 
be  properly  classified. 

The  principal  masses  of  secondary  rocks  that  lay  between  the 
two  ranges  of  mountains  are  composed  of  metamorphic  porphyry 
of  a  great  variety  of  shades  of  color.  Sometimes  the  porphyry  is 
entirely  altered ;  it  then  contains  well-formed  crystals  of  feldspar, 
and  appears  to  haVe  been  melted  where  it  now  rests ;  and  at  other 
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times  it  is  earthy,  as  if  the  transformation  had  been  incomplete. 
Large  masses  of  reddish,  yellow,  and  violet  quartz  alternate  with 
the  porphyry  in  certain  points;  also  calcareous  beds,  sometimes 
fossil iferous.  These  stratified  rocks  are  elevated  on  the  flanks  of 
the  Andes,  and  form  some  of  the  most  prominent  peaks  of  this 
range.  These  strata  are  so  completely  pierced  and  elevated  in 
every  direction  by  the  masses  of  granite  as  to  modify  in  every  pos- 
sible manner  their  direction,  inclination,  and  mineralogical  char- 
acter. 

Besides  the  secondary  stratified  rocks  just  made  mention  of, 
there  are  other  stratified  rocks  which  are  horizontal,  having  been 
<leposited  since  the  elevation  of  the  mountain -chains.  They  are 
all,  however,  of  recent  origin  and  of  small  extent,  disseminated 
along  the  coast,  with  the  exception  of  the  sandy  plain  that  extends 
between  Huasco  and  Copiap6,  having  a  length  of  from  one  hun- 
dred and  twenty  to  one  hundred  and  thirty  miles,  with  a  variable 
width.  This  plain  has,  however,  been  elevated  since  its  formation  ; 
in  fact,  M.  Domeyko  has  determined  three  distinct  terraces  of  suc- 
cessive and  gentle  elevation.  There  are  also  alluvial  deposits  now 
going  on  in  some  of  the  valleys  of  the  elevated  portions  of  the 
mountains,  consisting  of  a  fine  clay,  transported  there  by  the 
mountain  streams. 

According  to  the  observation  of  M.  Crosnier,  he  has  encoun- 
tered but  one  formation  that  appears  to  be  of  lacustrine  origin,  and 
this  is  situated  in  the  Cordilleras  of  Chilian,  forty-five  miles  north 
of  Lavederos. 

The  tertiary  deposits  subsequent  to  the  elevation  of  the  Andes 
contain  in  many  parts  lignite.  Some  of  these  places  are  worked. 
The  principal  mines  are  situated  to  the  south  of  Biobio,  some 
twenty  miles  distant  from  the  mouth  of  this  river,  on  the  sea-shore. 
The  mines  are  called  Lota  and  Lotilla. 

Some  of  the  departments  of  Chile  have  been  examined  with 
minuteness  by  M.  Domeyko,  more  especially  that  of  Copiapo ; 
which,  although  little  else  than  a  vast  desert,  is  the  richest  depart- 
ment of  Chile  in  mines  of  every  description,  there  not  being  a 
single  mountain  where  the  veins  are  not  of  suflScient  importance  to 
be  worked.  And  it  is  worthy  of  remark  that  no  mines  are  found 
higher  than  four  thousand  five  hundred  feet  above  the  level  of  the 
sea ;  and  this  peculiarity  I  believe  pertains  to  all  parts  of  Chile. 
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Taking  the  Bay  of  Copiap6  as  a  starting-point  and  going  east, 
we  find  the  underlying  rock  of  the  country  granite,  the  surface 
being  covered  with  tertiary  deposits  of  very  modern  origin,  the 
same  that  is  found  at  the  mouths  of  all  the  Chilean  rivers.  These 
deposits  form  two  and  three  terraces,  and  consist  principally  of 
sand  mixed  with  shell  and  gravel.  At  about  six  miles  from  the 
sea  solid  calcareous  beds  show  themselves,  containing  species  of 
crustacesG  now  found  living  on  the  shore.  The  granite  of  this 
coast  is  fine-grained,  having  the  same  aspect  as  that  in  the  neigh- 
borhood of  Coquimbo,  and  is  the  same  as  that  of  the  mountains 
of  Carrisal,  San  Juan,  and  La  Higuera,  celebrated  for  their  copper 
mines.  Granite  hills  project  frequently  above  the  tertiary  planes 
that  extend  to  and  rest  on  the  first  chain  of  granite-rocks  which 
are  low  and  rounded.  It  is  in  these  rocks  wherever  seen,  whether 
on  the  coast  or  projecting  above  the  tertiary  planes,  or,  when  still 
further  east,  projecting  through  secondary  strata,  that  the  copper 
and  gold  are  found.  A  good  example  of  this  is  the  Cerro  del 
Cobre  mountain,  which  elevates  itself  at  the  bottom  of  the  valley 
of  Copiapo.  This  mountain  is  composed  of  an  elevated  mass  of 
porphyritic  diorite,  traversed  by  veins  of  iron  and  copper  ores, 
containing  considerable  quantities  of  magnetic  iron  and  ferrugi- 
nous oxide  of  copper,  copper  pyrites,  etc.  It  forms  a  species  of 
granitic  island  in  the  midst  of  stratified  porphyritic  and  other 
compact  rocks  more  or  less  calcareous,  and  preserves  all  the  char- 
acters of  the  coast-rocks  even  to  the  nature  of  the  veins  that  it 
contains. 

Further  east,  overlying  the  granite  and  dioritic  rocks,  are  strat- 
ified porphyries ;  and  here,  at  a  height  of  two  thousand  two  hundred 
and  fifty  feet  above  the  level  of  the  sea,  as  at  Ladrillos,  commence 
the  indications  of  silver,  disseminated  in  extremely  fine  particles 
of  chloro-bromide ;  but  on  excavating  this  indication  soon  disap- 
pears, and  it  is  not  until  we  reach  a  more  elevated  point  that  silver 
is  found  very  abundantly,  and  where  the  stnitification  becomes 
more  perfect.  Above  the  stratified  porphyries  there  are  calca- 
reous and  schistose  rocks,  more  or  less  disturbed  from  their  original 
position. 

What  is  here  said  of  the  geological  structure  of  the  country 
east  of  Copiap6  is  true  of  many  other  parts  of  Chile  from  the  coast 
eastward.  From  these  general  view^s  of  the  geology  of  Chile  I  next 
pass  to  the  consideration  of  the  minerals  collected  by  the  expedi- 
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tion,  accompanying  the  mineralogical  description  of  thera  with  an 
account  of  the  manner  of  their  occurrence.  For  the  latter  I  am 
also  indebted  to  the  geologists  already  made  mention  of. 

Native  Gold. 

The  specimens  of  this  metal  were  contained  in  quartz-rock, 
exhibiting  all  the  usual  characteristics  of  auriferous  quartz.  The 
gold  contains  silver  with  but  a  trace  of  copper.  In  Chile  this 
metal  is  found  in  veins  as  well  as  in  the  drift;  the  whole  granite 
of  the  country  is  traversed  by  quartz  containing  more  or  less  gold 
associated  with  the  peroxide  of  iron,  and  at  some  depth  from  the 
surface  with  iron  pyrites ;  sometimes  with  cupreous  pyrites,  arsen- 
ical pyrites,  blende,  galena,  and  sulphuret  of  antimony.  These 
veins  by  their  decomposition  furnish  auriferous  deposits  of  consid- 
erable extent,  that  are  now  worked. 

Mention  is  made  by  M.  Crosnier  of  a  number  of  gold  deposit^ 
irregularly  deposited  in  the  midst  of  decomposed  granite  and  red 
clay,  which  contain  a  large  quantity  of  peroxide  of  iron,  and  which 
aj)pear  not  to  have  originated  from  the  decomposition  of  regularly - 
formed  veins.  This  fact  is  apparent  in  the  neighborhood  of  Val- 
paraiso. It  is  also  stated  that  gold  is  found  in  clay  more  or  less 
ferruginous,  arising  from  the  decomposition  of  the  granite  in  the 
most  elevated  portions  of  certain  mountains,  consequently  in  a 
situation  where  it  should  not  have  been  carried  by  water. 

It  is  supposed  that  the  gold  came  up  with  the  mass  of  granite 
at  the  time  of  the  elevation  of  the  latter,  and  not  by  subsequent 
injections  of  veins ;  and  in  most  instances  iron  pyrites  is  regarded 
as  its  original  associate.  This  character  of  auriferous  formation  is 
of  course  the  exception,  as  in  most  instances  the  gold  is  traceable 
to  regular  veins,  or  to  the  decomposition  of  these  veins.  Although 
gold  seems  to  be  quite  generally  distributed  through  Chile,  but  few 
of  the  deposits  remunerate  exploration ;  the  most  extensive  are  on 
the  flanks  of  the  Andes,  about  forty  miles  east  of  Chilian,  where 
it  exists  to  the  depth  of  thirty-five  feet,  in  a  very  fine  yellow  clay 
mixed  with  black  sand.    The  yield  of  gold  is  not  very  great. 

Native  Copper. 

This  is  very  commonly  found  in  all  the  copper  mines  of  Chile. 
In  one  specimen  from  Andacollo  (Coquimbo)  it  was  found  crystal- 
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lized  in  modified  octahedrons ;  it  is  very  commonly  associated  with 
the  red  oxide  of  copper,  as  beautifully  shown  by  a  specimen  from 
Illapel  (Coquimbo).  It  is  also  found  in  quartz  at  Andacollo 
(Coquimbo).  Others  of  the  specimens  came  from  San  Jos6,  San 
Pedro  Nolasco,  Hinchado,  Higuera,  and  Aconcagua. 

Red  Copper. 

This  mineral  is  found  beautifully  crystallized  in  octahedrons 
more  or  less  modified.  The  most  beautiful  specimens  of  this  de- 
scription are  from  Coquimbo  ;  other  specimens  are  massive  and 
granular. 

Its  hardness  is  3.5;  specific  gravity  5.9.  Its  color  is  various 
shades  of  bright  red,  and  the  crystals  are  transparent,  although 
from  the  exceeding  intensity  of  their  color  they  must  be  examined 
by  a  strong  light. 

This  mineral  is  quite  brittle  and  is  composed  of 

Copper 88.88 

Oxygen 11.12 

Formula  is  Cu^  O.  ^^'^ 

It  sometimes  forms  veins  coated  with  green  and  blue  silicates 
of  copper  in  the  mines  of  Camarona  and  Cortadera,  in  the  province 
of  Coquimbo.  In  the  Andacollo  mine  it  is  found  pure  and  abun- 
dant below  the  oxysulphuret,  resting  on  metallic  copper,  with  which 
it  is  very  commonly  mixed.  Aconcagua  also  afforded  specimens. 
At  Illapel  it  is  found  containing  native  silver. 

Capillary  Red  Copper. 

This  beautiful  form  of  the  oxide  of  copper  is  found  in  fine, 
delicate  rhombohedral  crystals.  It  was  found  in  the  cavities  of 
massive  specimens  of  the  red  copper  from  Aconcagua.  The  crys- 
tals are  as  small  as  the  finest  hair,  and  sometimes  half  an  inch 
in  length.  Its  color  is  crimson -red;  specific  gravity  5.8.  Its 
composition  is  the  same  as  the  last  described  mineral. 

Tenorite  or  Black  Oxide  of  Copper. 

This  is  found  massive,  almost  always  mixed  with  other  min- 
erals of  copper.  It  has  a  black  metallic  luster,  and  when  pure 
contains 
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Copper 79.86 

Oxygen 20.14 

Its  formula  is  Cu  O. 

Atacamite. 

This  mineral  was  first  discovered  in  the  sands  of  the  desert 
of  Atacama,  and  hence  its  name.  It  is  crystallized  in  modified 
rectangular  prisms  and  rectangular  octahedrons.  Its  color  is  of 
a  dark  emerald -green,  almost  black  at  times.  It  is  translucent; 
has  a  hardness  of  from  3  to  3.5,  and  a  specific  gravity  of  about 
4.  It  consists  of  water,  chloride  and  oxide  of  copper,  and  con- 
tains, according  to  analysis  of  TJlex, 

Chlorine 16.12 

Oxide  of  copper     56.28 

Water 11.99 

Copper 14.56 

Silica 1.20 

100.00 
Corresponding  to  the  formula  CuCl+3Cu-f3tt. 

This  mineral  fa  also  found  in  the  district  of  Tarapaca.  It  is 
ground  up  in  Chile,  and  is  used  as  powder  for  letters  under  the 
name  of  arseniUo. 

Copper  Glance. 

The  specimens  of  this  mineral  examined  were  all  massive,  of 
a  black,  metallic  luster,  soft  and  easily  cut  with  a  knife,  having 
a  specific  gravity  of  5.7.  It  commonly  has  green  and  blue  car- 
bonate disseminated  through  the  mass.     It  is  composed  of 

Copper 79.80 

Sulphur 20.20 

Having  for  its  formula  Cu»  S.  ^^'^ 

It  is  most  abundant  in  those  mines  furthest  from  the  coast, 
existing  in  secondary  stratific  porphyry,  and  sometimes  containing 
a  notable  amount  of  silver.  It  is  also  found  abundantly  in  the 
mines  of  Chile  that  are  near  the  coast,  and  are  in  dioritic  and  por- 
phyritic  rocks ;  but  in  them  it  is  rarely  found  pure,  being  almost 
always  mixed  with  the  black  oxide  of  copper  or  the  oxychloride. 
The  specimens  examined  were  from  Copiap6,  although  there  are 
numerous  localities.      It  is  remarkable  that  at  San  Antonio  this^ 
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mineral  is  associated  with  native  silver,  and  yet  often  contains 
hardly  more  than  one  thousandth  of  this  latter  metal.  Specimens 
of  pure  sulphuret  of  copper  are  found,  in  which  metallic  silver  is 
imbedded  in  the  form  of  grains  or  little  plates;  and  the  same  sul- 
phuret contains  grains  and  plates  of  native  copper  entirely  separate 
from  the  silver. 

Erubescite  or  Purple  Copper. 

This  is  one  of  the  most  abundant  of  the  minerals  of  copper 
found  in  Chile.  It  is  procured  in  large  quantities  at  the  mines  of 
Tamaya,  in  Coquinibo,  Los  Sapos,  and  Higuera.  No  crystals  were 
seen.  It  is  massive,  of  a  purplish,  variegated  color,  with  a  metallic 
luster.  It  is  brittle,  and  not  very  hard.  When  the  sur&ce  is 
freshly  broken  it  is  of  a  brass  color  that  very  often  tarnishes,  ac- 
quiring a  purplish  hue.  The  massive  varieties  of  this  mineral 
always  vary  more  or  less  in  their  composition.  The  specimens  ex- 
amined contained  from  fifty-five  to  sixty-five  per  cent  of  copper. 
Three  specimens,  that  have  been  thoroughly  analyzed  by  M. 
Domeyko,  gave 

Tamaya.  Lob  Sapos.  Higuera. 

Copper 66.7  56.1  59.5 

Iron 8.9  17.7  18.2 

Sulphur 22.8  28.1  20.5 

Quartz l.G  3.1  1.8 

99.8  100.0  100.0 

The  formula  is  Fe  S+2  Cu'  S. 
This  mineral  furnishes  a  great  deal  of  the  copper  produced  in 
Chile. 

Copper  Pyrites. 
This  i.s  the  most  abundant  copper-ore  of  Chile,  and  is  found  in 
immense  quantities  in  the  province  of  Coquimbo.  Some  of  it,  as 
that  from  Tamaya,  contains  .0025  per  cent  of  silver,  while  that  of 
another  mine  contains  gold.  All  the  specimens  were  massive,  of  a 
brass-yellow  color,  metallic  luster,  fresh  fractured  surfaces  tarnish- 
ing readily.  In  fact  it  possesses  all  the  known  characteristics  of 
this  mineral  as  found  elsewhere.  Its  composition  when  perfectly 
pure  is 

Sulphur 35.05 

Copper 34.47 

Iron 30.48 

100.00 
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Several  specimens  examined  gave 

1  2  3  4 

Sulphur 33.05  37.22 

Copper 36.60  33.67  31.02  36.01 

Iron 29.83  28.56 

98.98  99.45 

Its  formula  is  Cu=  S-f  Fe^  S^. 

This  mineral  is  rarely  found  in  granite,  but  often  in  hornblendic 
and  porphyritic  transition  rocks,  accompanied  by  iron  pyrites,  mag- 
netic iron,  asbestos,  quartz,  and  various  species  of  clay ;  very  rarely 
with  carbonate  of  lime.  The  most  important  mines  yielding  the 
copper  pyrites  are  Carrisal,  Atacama,  and  Higuera,  Brillador,  Tam- 
billos,  etc.,  in  Coquimbo. 

Arsenical  Gray  Copper. 

Gray  copper  appears  not  to  be  found  very  abundantly  in  Chfle. 
There  are,  however,  three  varieties  of  it;  one  of  which  contains 
quite  an  amount  of  mercury,  another  having  the  composition  of 
ordinary  gray  copper,  while  a  third  abounds  in  arsenic.  They  all 
three  possess  the  ordinary  physical  characters  of  gray  copper ; 
namely,  a  steel-gray  and  iron-black  color,  with  metallic  luster, 
rather  brittle ;  hardness,  3  to  4,  with  specific  gravity  varying  from 
4.5  to  5.  No  specimen  of  this  variety  was  obtained.  It  is  found 
at  San  Pedro  Nolasco,  and  its  composition,  as  made  out  by  M. 
Domeyko,  is 

Copper 48.6 

Iron 4.8 

Zinc 2.3 

Silver 0.3 

Arsenic 11.4 

Antimony 6.4 

Sulphur 26.1 

99.8 

Mercurial  Gray  Copper. 

This  is  found  in  some  of  the  mercurial  mines  of  Chile  in  small 
amorphous  masses,  disseminated  in  a  quarter  gangue,  accompanied 
by  the  blue  carbonate  of  copper  and  a  red  earthy  substance  of 
deep-red  color,  apparently  an  antimoniate  of  mercury.  This  also 
has  been  analyzed  by  Domeyko  with  the  following  result: 
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Antimony 20.70 

Iron \ 1.60 

Zinc trace 

Copper 83.60 

Mercury 24.00 

Sulphur 20.20 

100.00 

Antimonial  Gray  Copper. 

This  is  the  common  form  of  gray  copper,  and  several  speci- 
mens were  brought  home  by  the  expedition.  It  contained  but 
a  small  amount  of  silver,  as  seen  by  the  following  analysis : 

Sulphur 26.83 

Antimony 23.21 

Arsenic 3.06 

Ck)pper 36.02 

Iron 2.36 

Zinc 4.52 

Silver 3.41 

99.40 
The  formula  of  gray  copper  is  represented  by 

(4  Cu^  Ag,  Fe,  Zn)  SH-(Sb  As)  S3. 

Besides  the  above  species  of  gray  copper,  others  are  found 
which,  whether  arsenical  or  antimonial,  contain  only  a  few  thou- 
sandths of  mercury.  These  varieties  are  almost  invariably  desti- 
tute of  silver. 

DoMEYKiTE  Arsenical  Copper. 

This  mineral  is  massive,  of  a  tin-white  color,  with  a  metallic 

luster,  and  specific  gravity  of  4.5.     It  is  about  the  hardness  of 

copper  pyrites.     Th«»  specimen  examined  was  not  a  pure  one ;  it 

furnished 

Arsenic 22.08 

Copper 72.41 

Iron 3.22 

Sulphur 2.01 

99^72 
Perfectly  pure  specimens,  according  to  Domeyko,  contain 

Arsenic 28.86 

Copper 71.64 

Which  give  the  formula  Cu3  As.  ^^'^ 

It  is  found  pure,  without  any  admixture  of  sulphuret,  near 
Illapel,  in  the  same  veins  which  near  the  surface  yield  red  copper 
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with  native  silver.  It  is  also  found  in  some  of  the  silver  mines 
of  Ata<2ama,  particularly  in  those  of  San  Antonio. 

It  is  almost  always  mixed  with  copper  pyrites  in  varying 
proportions,  and  sometimes  with  the  oxide  and  amorphous  green 
arseniate  of  copper. 

Besides  this  species,  there  is  found  in  the  cordilleras  a  kind 
of  white  native  copper  containing  from  three  to  five  per  cent  of 
arseniuret  of  copper  and  resembling  native  silver. 

Olivenite  Akseniate  op  Copper. 

It  always  accompanies  the  arseniurets,  and  is  amorphous,  with 
a  compact  earthy  structure,  green  color,  with  varying  shades,  and 
is  always  mixed  with  carbonate  and  silicates  of  copper.  This 
mineral,  it  appears,  is  never  found  perfectly  pure  in  Chile:  but 
when  pure,  as  found  elsewhere,  it  contains 

Arsenic  acid 31.78 

Phosphoric  acid 6.67 

Oxide  of  Copper 68.34 

Water 3.31 

And  the  formula  is  Cu*  (Is,  P)f^.  ^^'^ 

Ghrysocolla  Silicate  of  Copper. 

This  is  very  commonly  found  in  all  the  copper  veins  of  Chile, 
always  massive,  sometimes  in  the  form  of  mamillary  coatings  and 
concretions.  It  is  of  various  shades  of  green  and  blue,  and  some- 
times of  a  dark  and  almost  black  color.  Its  specific  gravity  is  2.2. 
It  is  easily  crushed.  It  is  not  an  easy  matter  to  find  the  chrys- 
ocolla  perfectly  pure.  The  specimen  that  furnished  the  material 
analysed  was  a  mass  of  copper  pyrites  covered  with  a  mamillary 
coating  of  the  silicate,  which  was  detached  with  much  care.  It 
furnished 

Oxide  of  copper 42.61 

Silica 31.35 

Water 21.62 

Oxide  of  iron 1.97 

Alumina 2.82 

100.00 
Corresponding  very  nearly  to  the  formula,  Cu3§i'-f6]&.     Other 
specimens  were  found  to  contain  oxide  of  copper  varying  from 
twenty  to  fifty  per  cent. 
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The  name  llanca  is  given  by  miners  to  a  silicate  of*  different 
shades  of  green  and  blue,  which  very  often  accompanies  the  copper 
minerals,  especially  the  oxysulphurets,  forming  the  envelope  of 
some  veins,  constituting  masses  in  which  native  copper,  red  oxide, 
carbonate,  and  at  times  sulphurets  of  copper,  are  found.  Most  of 
the  copper- veins  in  Chile  abound  in  these  silicates  near  the  surface. 
The  basic  silicate  found  in  many  of  the  copper-mines  of  Coquimbo 
are  always  in  the  upper  parts  of  the  veins,  forming  narrow  seams, 
between  red  oxide  and  green  and  blue  llanca.  It  is  frequently 
mixed  with  the  black  silicate.  La  Higuera  and  San  Lorenzo  fur- 
nished the  specimens  examined. 

AzuRiTE,  Blue  Carbonate  of  Copper. 

This  occurs  both  crystallized  and  massive.  Among  the  speci- 
mens was  one,  crystallized  on  copper  pyrites,  from  Andacollo.  It 
possesses  all  the  common  characteristics  of  this  mineral  as  found 
elsewhere,  and  is  composed  of 

Oxide  of  copper 69.09 

Carbonic  acid 25.69 

Water    5.22 

100.00 
The  forniula  representing  it  is  2  Cu  C+^'u  tT. 

It  is  found  in  many  localities  associated  with  the  ores  of 
copper. 

Malachite,  Green  Carbonate  of  Copper. 

This  mineral  exists  abundantly  in  Chile,  but  is  not  found  in 
those  large  compact  masses  (such  as  are  procured  from  Siberia  and 
other  places)  out  of  which  ornaments  are  made.  It  has  no  pecul- 
iar properties  in  which  it  differs  from  the  malachite  of  other  local- 
ities. Cry  stall  ize<i  specimens  were  procured  from  Tortolas  and 
Tamaya.  Other  specimens  came  from  Tarienta,  San  Jos^,  etc.  Its 
composition  is 

Carbonic  acid 20.00 

Oxide  of  copper 71.82 

Water 8.18 

100.00 
Formula  is  Cu^'  C+tL. 
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Blue  Vitriol,  Sulphate  of  Coppek. 

This  salt  is  found,  associated  with  the  sulphate  of  iron  and 
alumina,  at  Tierra  Amarilla,  in  the  valley  of  Copiap6.  It  arises 
from  the  decomposition  of  copper  pyrites.     It  is  constituted  of 

Oxide  of  Copper 32.14 

Sulphuric  acid 31.72 

Water 3G.14 

Its  formula  is  Cu  S+6  tL.  100.00 

VOLBORTHITE,  VANADATE  OF  CoPPER  AND   LeAD. 

This  rare  mineral  was  first  noticed  in  Chile  by  M.  Domeyko,  in 
the  Mina  Grande,  about  six  miles  from  the  silver  mines  of  Arque- 
ros.  It  is  an  amorphous  substance,  porous,  heavy,  and  of  a  dark- 
brown  color.  It  lines  the  cavities  of  an  arsenio-phosphate  of  lead. 
At  first  view  it  would  be  confounded  with  the  hydrated  oxide  of 
iron,  from  which  it  differs,  however,  by  its  great  fusibility  and 
ready  solubility  in  nitric  acid.  There  were  no  specimens  suffi- 
ciently pure  foi>  analysis.     Those  examined  by  M.  Domeyko  gave 

1  2 

Oxide  of  lead 64.90  61.97 

Oxide  of  copper 14.60  16.97 

Vanadic  acid 13.60  13.33 

Arsenic  acid 4.60  4.68 

Phosphoric  acid 60  .68 

Chloride  of  lead 30  .37 

Silica  (?) 1.00  1.88 

Lime 60  .58 

Oxide  of  iron  and  alumina 3.60  8.42 

Earthy  re-sidue 1.00  1.52 

Loss  by  heat   2.70  2.70 

97.20  97.56 

Giving  for  its  formula  Ph  V+Cu^  V^. 

This  differs  somewhat  from  the  formula  furnished  by  the  analy- 
sis of  the  volborthite,  as  found  in  the  copper  mines  between  Miash 
and  Katherinenberg,  Russia ;  but  as  the  Chile  variety  has  not  yet 
been  found  crystallized,  the  differences  may  be  due  to  impurities. 

Remarks  on  the  Copper  Minerals. 

The  minerals  of  copper  have  been  described  after  gold,  from 
the  fact  that  the  great  mass  of  them  occur  in  Chile  in  the  same 
geological  formation  as  the  gold.     It  is  the  granite  that  is  most 

16 
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commonly  traversed  by  copper  veins,  sometimes  of  a  considerable 
size.  Along  the  coast  it  is  found  in  the  form  of  copper  pyrites 
alone,  or  associated  with  two  varieties  of  iron  pyrites,  and  also  as  - 
peacock  or  purple  copper.  Galena  and  blende  are  rarely  found  in 
them,  and  scarcely  ever  gray  copper.  Native  copper,  red  oxide^ 
oxychloride,  oxysulphuret,  green  carbonate,  and  hydrous  and 
anhydrous  silicates  of  copper  of  a  great  variety  of  colors  are  also 
abundant,  especially  at  the  upper  part  of  the  veins.  The  silicates 
sometimes  line  the  walls  of  the  veins,  and  penetrate  to  some  dis- 
tance in  the  inclosing  rock,  which  becomes  unequally  colored  blue 
or  green.  The  numerous  veins  of  copper  are  disseminated  very 
irregularly  in  the  granite,  and  their  value  is  equally  variable; 
sometimes  the  veins  have  a  breadth  of  from  six  to  nine  feet,  as  at 
Tamaya,  near  Coquimbo,  where  at  the  depth  of  six  hundred  feet 
there  is  a  daily  yield  of  from  eight  to  ten  tons  of  an  ore  yielding 
seldom  less  than  fifty  and  oftentimes  as  much  as  seventy-five  per 
cent  of  copper. 

Native  Silver. 

This  is  found  in  more  or  less  abundance  in  the  various  silver 
mines  of  Chile.  Most  frequently  it  is  associated  with  dolomite, 
calcareous  spar,  sulphate  of  baryta,  and  some  of  the  minerals  of 
cobalt.  Much  of  it  is  found  in  the  form  of  thin  sheets,  as  at  San 
Pedro  Nolasco ;  at  Calaba90  (II lapel)  it  is  in  small,  irregular  grains ; 
and  at  various  mines  at  Copiap6  it  exists  in  the  form  of  threads, 
along  with  native  arsenic  and  other  arsenical  minerals.  At  Chafi- 
arcillo  it  occurs  associated  with  the  chloro-bromides,  in  dendritic 
forms;  and  at  San  Antonio  and  some  other  mines  it  is  found  in 
both  small  and  large  grains  in  arseniuret  of  copper  and  arseniuret 
of  cobalt.     At  Llapel  it  is  found  in  red  oxide  of  copper. 

Silver  Glance,  Sulphuret  of  Silver. 

This  mineral  occurs  in  all  the  mines  of  silver,  although  in  no 
considerable  quantity,  and  is  rarely  if  ever  crystallized.  It  is  of  a 
black-lead  color,  of  a  metallic  luster,  having  a  specific  gravity  of 
7.3,  and  is  readily  reduced,  on  a  piece  of  charcoal,  by  the  action 
of  the  blowpipe.     Its  composition  is 

Silver 85 

Sulphur 15 

Its  formula  is  Ag  S.  100 
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SuLPHURET  OP  Silver  and  Copper. 

This  compound  is  made  mention  of  by  M.  Doraeyko  as  existing 
in  the  mines  of  San  Pedro  Nolasco  and  Catemo.  His  analysis 
gave  the  following  as  its  constitution: 

San  Pedro  Xolasco.  Tatemo. 

Silver 28.8  24.1  16.6  12.1 

Copper 58.4  53.9  60.6  64.0 

Iron '..  0.0  2.1  2.3  2.5 

Sulphur 19.8  19.9  20.5  21.4 

100.0  100.0  100.0  100.0 

From  the  variable  nature  of  its  composition  I  should  consider 

it  merely  a  mixture  of  silver  and  copper  glance. 

Ruby-silver. 

It  occurs  both  crystallized  and  massive,  possessing  a  very  dark 
crimson-red  color ;  the  color  is  commonly  so  intense  that  the  mass 
appears  black  except  when  examined  by  transmitted  light  in  thin 
pieces ;  it  is  easily  cut  with  the  knife,  and  furnishes  silver  under 
the  blowpipe  when  heated  on  charcoal.  Its  most  constant  com- 
panions are  native  arsenic,  arseniuret  and  sulpho-arseniuret  of 
iron,  arsenical  cobalt,  blende,  calcareous  spar,  silver  glance.  It  is 
sometimes  found  crystallized  in  metastatic  dodecahedrons ;  at  other 
times  it  is  in  masses  disseminated  in  the  midst  of  different  spars 
and  argillaceous  gangues.  It  is  found  in  microscopic  crystals  in 
the  cavities  and  crevices  of  native  arsenic  and  of  arseniuret  and 
sulpho-arseniuret  of  iron.  The  principal  sources  of  it  are  at  Chafi- 
arcillo  in  the  lower  part  of  the  veins,  and  in  other  mines  in  the 
province  of  Atacama. 

There  are  two  distinct  compositions  to  the  dark  and  light  ruby- 
silver;  the  former  being  a  sulphuret  of  antimony  and  silver,  and 
the  latter  a  sulphuret  of  arsenic  and  silver. 

Dark  Ruby-sUver. 

Silver 58.98 

Antimony 28.46 

Sulphur 17.56 

The  formula  of  this  is  3  Ag  S-f  Sb  S3.         100.00 

Light  Ruby-silver. 

Silver 65.88 

Arsenic 19.46 

Sulphur 15.16 

The  formula  being  3  Ag  S+As  S3.  ^^'^ 
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The  latter  is  the  most  common  variety  in  Chile ;  one  specimen, 
analyzed  by  M.  Domeyko,  furnished 

Silver 63.85 

Iron 96 

Cobalt 19 

Arsenic 13.85 

Antimony 70 

Sulphur 18.00 

Gangue 1.60 

99.15 

Antimonial  Silver. 

It  is  found  both  massive  and  crystallized  near  Coquimbo ;  it 
does  not  exist  abundantly,  is  of  a  tin-white  color  with  metallic 
luster,  having  specific  gravity  of  9.5.  This  mineral  is  frequently 
mixed  with  arsenical  and  native  silver ;  when  pure  it  contains 

Silver 77 

Antimony 23 

Having  for  its  formula  Ag*  Sb.  100 

POLYBASITE, 

Found  in  considerable  quantity  in  the  province  of  Atacama, 

massive,  of  an  iron-black  color,  and  of  a  specific  gravity  of  6.2 ;  it 

is  composed  of 

Silver 66.25 

Copper 4.08 

Arsenic 5.22 

Antimony 2.56 

Iron 2.34 

Sulphur 18.68 

99.13 
Its  formula  is  considered  to  be  9  (Ag  Cu')  S+(Sb  As)  S\ 

Bismuth-silver. 

In  the  mines  of  San  Antonio,  in  the  province  of  Copiapo,  an 
alloy  of  silver  and  bismuth  is  found;  its  color  is  tin-white,  high 
metallic  luster.  The  only  analysis  we  have  of  this  variety  of  bis- 
muth-silver is  one  by  M.  Domeyko ;  the  following  are  the  results : 

Silver *. 60.1 

Bismuth 10.1 

Copper 7.8 

Arsenic 2.8 

Gangue 19.2 

100.0 
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Horn-silver,  Chloride  of  Silver. 

This  is  one  of  the  most  abundant  silver  minerals  in  Chile,  as 
it  is  found  there  in  quantities  far  exceeding  any  thing  that  is  else- 
where known.  It  is  commonly  massive,  resembling  wax  of  a  gray- 
ish color  when  the  surface  is  freshly  broken;  but  soon  tarnishes 
on  exposure  to  light,  acquiring  a  purplish  tint.  Sometimes  it  is 
of  a  greenish  tint.  Its  luster  Is  resinous ;  easily  cut  with  a  knife ; 
specific  gravity  5.4.  It  possesses  all  the  properties  of  the  artificial 
chloride.     Its  composition  is 

Silver 75.83 

Chlorine 24.67 


Formula,  Ag  CI.  100.00 

Several  very  fine  specimens  were  brought  by  the  expedition 
from  the  Chafiarcillo,  Valenciana  mines,  in  Atacama,  and  other 
localities. 

Bromio  Silver. 

This  compound  of  silver  is  likewise  found  in  Chafiarcillo,  and 

in  many  respects  resembles  the  chloride ;  its  color  is  greener,  and 

it  never  occurs  in  such  masses  as  the  chloride.     It  is  equally  soft, 

having  a  little  higher  specific  gravity — 5.8.     Composition  when 

pure : 

Silver 68 

Bromine 42 

Formula,  Ag  Br.  100 

Embolite,  Chloro-bromide  of  Silver. 

This  mineral  is  found  both  crystallized  and  massive  in  several 
of  the  mines  of  Chile,  in  the  provinces  of  Atacama  and  Coquimbo. 
It  is  less  abundant  than  the  chloride,  although  more  so  than  the 
bromide.  Externally  it  is  greenish,  internally  a  sulphur- yellow. 
It  has  the  same  luster  as  the  chloride ;  it  is,  however,  harder  than 
the  latter;  its  specific  gravity  is  the' same  as  the  bromide.  The 
composition  of  it  is 

Silver 66.96 

Chlorine 13.20 

Bromine 19.84 

Formula  is  Ag  (CI  Br).  ^^'^ 
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Iodic  Silver.  . 

Thid  beautiful  and  rare  mineral  has  been  found  in  some  little 
quantity  in  the  silver  mines  of  Algodones,  province  of  Coquimbo. 
The  mineral  is  of  a  pale  sulphur-yellow  color,  very  fragile  and 
soft,  having  a  specific  gravity  of  5.5.  One  specimen  that  I  saw 
had  crystalline  faces,  indicative  of  a  rhombic  dodecahedron.  It  is 
commonly  lamellar,  and  M.  Domeyko  has  recognized  in  some  small 
pieces  three  rhomboidal  cleavages ;  two  of  the  cleavages  appear 
quite  perfect,  having  a  pearly  luster.  It  is  more  brittle  and  more 
fusible  than  either  the  chloride  or  the  chloro-bromide.  The  pres- 
ence of  iodine  and  silver  are  readily  recognized  by  the  ordinary 
tests.  Its  gangue  is  composed  partly  of  carbonate  of  lime  and 
partly  of  a  brick-red  fine  clay.  In  the  Carmen  mine  a  consider- 
able amount  of  iodide  was  found  in  the  first  part  of  the  vein ;  at 
the  depth  of  twelve  varas  (thirty-three  feet)  it  disappeared,  and 
chloro-bromide  made  its  appearance  in  identically  the  same  gangue  ; 
and  at  a  still  greater  depth  the  latter  mineral  disappeared,  and 
was  replaced  by  the  chloride,  accompanied  with  the  sulphuret  of 
silver.  It  has  also  been  found  in  small  quantities  at  one  of  the 
mines  of  the  Chafiarcillo  district. 

This  interesting  mineral  has  the  same  atomic  constitution  as 
the  other  natural  haloid  salts  of  silver,  as  originally  shown  by  M. 
Domeyko ;  although,  in  referring  to  certain  works  on  mineralogy, 
Domeyko  is  quoted  as  giving  for  its  composition  one  atom  of  silver 
and  two  of  iodine,  while  the  chloride  and  bromide  of  silver  are 
alluded  to  as  constituted  of  atom  and  atom,  forgetting  that  the  F 
used  (as  is  frequently  done)  corresponds  to  I  commonly  used  by 
American  and  English  chemists,  making  the  formula  as  given  by 
Domeyko  Ag.  I,  which  formula  is  sustained  by  my  analyses,  as 
well  as  those  made  by  M.  Domeyko. 

The  results  I  obtained  are  as  follows: 

1  2 

Iodine 62.834  53.109 

Silver 46.521  46.380 

Chlorine trace  trace 

Copper trace  trace 

99.465  99.489 

The  formula  Ag.  I  gives  as  percentage — 

Iodine 68.85 

Silver 46.15 

100.00 
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ASQUERTTE. 

This  mineral  is  found  in  great  abundance  at  the  mines  of  Ar- 
queros,  near  Goquimbo ;  in  fact  it  is  the  ore  of  those  mines.  It  is 
quite  like  native  silver  in  appearance,  with,  however,  a  little  more 
greasy  luster.  It  is  disseminated  through  a  calcareous  rock.  Sev- 
eral specimens  examined  furnished  different  proportions  of  silver 
and  mercury,  the  proportions  of  silver  varying  from  eighty-three 
to  ninety-two  per  cent.  M.  Domeyko,  who  has  had  opportunity 
of  examining  a  greater  variety  of  specimens,  gives  the  following 
fixed  composition: 

Silver 86.49 

Mercury 13.51 


The  formula  is  Ag.^  Hg.  ^^'^ 

In  all  likelihood  there  is  a  definitely  constituted  silver  amalgam 
at  Arqueros,  but  in  most  instances  is  altered  by  admixture  with 
native  silver. 

Remarks  on  the  Geology  of  the  Silver  Ores. 

In  speaking  of  the  copper  and  gold  veins  it  was  remarked  that 
they  traversed  the  granite  and  other  old  unstratified  rocks.  M. 
Domeyko  thinks  that  he  has  established  a  law  in  the  distribution 
of  the  metalliferous  veins  of  Chile.  It  is  that  gold  and  copper 
veins,  exempt  from  arsenic,  antimony,  and  silver,  abound  in  the 
granite  rock ;  while  all  the  silver  veins,  without  reference  to  the 
associates  of  the  silver,  belong  to  the  stratified  rocks;  and  also, 
that  the  copper  veins  found  in  stratified  rocks  are  very  frequently 
argentiferous.  M.  Crosnier,  however,  points  out  two  exceptions 
to  this  rule  in  the  province  of  Copiap6,  viz.,  the  Pampa  Larga 
and  Garin  mines.  The  Pampa  Larga  veins  traverse  compact  feld- 
spar, a  portion  of  which  near  the  surface  is  transformed  into  kaolin. 
The  upper  portion  of  the  vein  contains  chloride  and  sometimes 
native  silver ;  but  at  a  certain  distance  from  the  surface  the  entire 
mass  of  the  vein  is  composed  of  compact  native  arsenic,  in  which 
we  find  occasionally  sulphuret  of  antimony,  realgar,  arsenio-sul- 
phuret  of  silver  (sometimes  in  very  beautiful  transparent  crystals). 
Arsenical  pyrites  and  calcareous  spar  are  also  found. 

The  Garin  and  Pampa  Larga  mines  are  the  only  two  exceptions 
pointed  out  to  the  general  law  first  mentioned. 
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The  best  method  of  furnishing  a  correct  idea  of  the  mineralog- 
ical  and  geological  relations  of  the  different  kinds  of  silver  ores  is 
to  give  an  account  of  how  they  occur  in  one  or  two  of  the  principal 
mines. 

Some  of  the  most  remarkable  mines  are  those  in  the  Cha&arcillo 
Mountain,  which  is  from  twenty-five  to  thirty  miles  in  a  direct  line 
from  the  coast.  This  mountain  is  composed  of  calcareous  rocks, 
more  or  less  argillaceous.  Some  of  the  calcareous  rocks  are  dolo- 
mitic,  while  others  are  without  magnesia.  The  stratification  is 
regular  and  almost  horizontal.  The  argillaceous  matter  in  the 
rocks  are  of  two  kinds — a  white  clay,  and  another  composed  of 
a  silicate  of  alumina  and  iron. 

This  locality  has  been  thoroughly  examined  by  M.  Domeyko, 
and  he  finds  no  organic  remains  in  those  parts  of  the  mountain 
where  the  metal  veins  are  found.  The  same  geologist  has,  how- 
ever, been  informed  that  an  ammonite  was  found  in  the  rock  of 
Eeventon  Colorado  at  some  distance  beneath  the  surface.  In  other 
parts  of  this  mountain  organic  remains  are  abundant  in  the  calca- 
reous rocks,  especially  the  Turritella  Andii  and  TerebratulsB. 

From  the  summit  of  the  Chaiiarcillo  Mountain  to  the  lowest 
workings  of  the  mines  is  a  little  less  than  one  thousand  feet,  and  in 
that  space  there  can  be  distinguished  something  like  three  distinct 
divisions  in  the  formation  of  the  rocks. 

The  plane  at  the  summit  of  the  mountain  is  composed  of  a 
dolomitic  rock,  having  in  some  places  a  thickness  of  one  hundred 
feet ;  it  consists  of  about  one  third  clay.  The  rock  is  split  in  all 
directions,  and  the  surface  of  the  fissures  covered  with  small  crys- 
tals of  calcareous  spar.  In  some  places  it  is  so  much  split  that  it 
looks  more  like  a  mass  of  broken  rocks  piled  together,  the  inter- 
stices being  filled  with  an  earthy  matter  as  pulverulent  as  chalk, 
and  composed  of  one  third  carbonate  of  lime  and  two  thirds  clay. 
It  is  in  these  fissures  of  the  upper  layer  that  very  considerable 
masses  of  chloro-bromide  of  silver  have  been  found. 

The  second  division  of  the  rocks  differs  but  little  in  character 
from  the  last,  being  an  argillaceous  limestone ;  it  is,  however,  more 
regular  and  not  so  much  fissured ;  at  the  same  time  the  metallifer- 
ous veins  traversing  it  are  much  poorer.  The  thickness  of  this 
division  is  over  three  hundred  and  twenty  feet;  and  here  com- 
mences the  third  division,  where  the  limestone  contains  less  clay 
and  but  a  little  trace  of  magnesia.     The  color  of  the  rock  is  a 
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bluish-gray  mottled  with  yellow ;  of  a  compact  structure  and  con- 
choidal  fracture.  This  rock  contains  the  principal  wealth  of  the 
Chafiarcillo  mines,  and  in  it  seems  to  be  the  principal  deposit  of 
chloro-bromide  of  silver.  The  thickness  of  this  bed  is  estimated 
at  nearly  four  hundred  feet.  Below  this  again  lies  another  bed, 
where  the  calcareous  rock  is  again  more  argillaceous  and  the  veins 
poorer.  In  this  portion  of  the  mountain  porphyritic  rocks  are 
found  at  the  lowest  depths  to  which  the  workings  have  gone. 

Numerous  metalliferous  veins  traverse  this  mountain  in  every 
direction.  The  materials  constituting  these  veins  (and  mixed  with 
which  the  silver  ores  are  found)  are  the  carbonates  of  lime,  iron, 
and  magnesia,  zinc,  and  manganese,  and  the  sulphate  of  baryta, 
which,  however,  exists  in  less  quantity  in  these  mines  than  in  those 
in  other  parts  of  Chile.  The  metalliferous  portions  of  these  veins 
are  composed  principally  of  chloro-bromide  of  silver  mixed  with 
native  silver  and  a  small  portion  of  sulphuret  and  sulpho-arseniuret 
of  silver.  The  chloro-bromide  does  not  show  itself  in  equal  abun- 
dance at  all  depths  of  the  productive  calcareous  bed  already  men- 
tioned ;  it  is  particularly  in  the  upper  one  or  two  hundred  feet ; 
below  this  depth  the  gangue  becomes  less  and  less  calcareous  and 
the  mineral  changes  its  nature.  At  first  it  is  the  pure  chloride  or 
little  mixed  with  sulphuret ;  then  the  proportions  of  sulphur,  anti- 
mony, native  arsenic,  {ind  ruby-silver  commence  to  increase;  so 
that  at  three  hundred  feet  depth  hardly  a  trace  of  chloro-bromide 
is  found,  the  silver  being  associated  with  sulphur,  arsenic,  and 
antimony. 

These  are  the  general  features  of  these  famous  silver  mines, 
and  as  here  described  some  general  idea  can  doubtless  be  formed 
of  their  geological  character.  Although  the  general  character  of 
the  mines  resembles  those  just  described,  still  the  minerals  and 
the  containing  rock  frequently  differ.  Thus  in  the  San  Antonio 
mine,  in  the  valley  of  Potrero  Grande,  the  rock  of  the  country 
is  porphyry  regularly  stratified,  and  the  gangue  rock  of  the  veins 
a  dark  ashy-gray  argillaceous  rock  of  an  earthy  fracture.  It 
is  oftener  found  impregnated  with  calcareous  and  pearl  spars, 
T^rhich  form  veins  and  nodules  in  the  midst  of  the  gangue.  The 
iron  found  in  these  veins  is  in  the  form  of  protoxide,  while  that 
at  Chafiarcillo  is  in  the  form  of  hydrated  peroxide.  Again,  the 
mines  of  this  latter  locality  abound  in  chloride  and  chloro-bromide 
of  silver,  while  on  the  sulphuret  of  the  San  Antonio  mine  there 
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is  arseniuret  and  native  silver.  Taking  the  chloride  and  chloro- 
bromide  as  a  distinguishing  mark  between  the  mines,  they  may 
be  divided  into  two  classes;  those  like  Chafiarcillo  and  Agua 
Amarga  abounding  in  these  two  minerals,  and  those  like  San 
Antonio,  San  Lorenzo,  San  Pedro  Nolasco,  etc.,  the  prominent 
minerals  of  which  are  the  sulphuret  and  arseniuret  of  silver, 
with  barely  traces  of  the  chloride. 

Cinnabar. 

This  mineral  of  mercury  occurs  in  no  great  masses  in  Chile. 
It  is  usually  found  in  the  granite  formation  near  veins  of  gold 
and  copper,  as  in  Coquimbo  and  Aconcagua;  also  in  a  vein  of 
quartz  in  some  stratified  porphyry  near  the  gold  mines  of  Anda- 
collo.  The  gangue  accompanying  cinnabar  is  quartz,  with  micace- 
ous and  hydrated  oxide  of  iron.     The  composition  of  cinnabar  is 

Mercury 86.20 

Sulphur 13.80 

The  formula  is  Hg  S.  100.00 

Galena. 

It  is  found  in  some  parts  of  Chile,  commonly  associated  with 
the  sulphurets  of  other  metals.     Composition: 

Lead 86.66 

Sulphur 18.34 

Formula,  Pb  S. 
MiMETENE,    ChLORO-ARSENIATE    OF   LeAD. 

This  comixjund  of  lead  has  been  found  in  an  impure  state  at 
Mina  Grande,  east  of  Arqueros,  mixed  with  the  vanadates  of  lead 
and  copper.     The  analysis  of  a  specimen  by  Domeyko  gives 

Chloride  of  lead 9.05 

Oxide  of  lead r)8.31 

Oxide  of  copper 92 

Arsenic  acid 11.55 

Phosphoric  acid 6.13 

Vanadic  acid 1 .86 

Lime 7.96 

Alumina  and  peroxide  of  iron 1.10 

Clay 2.00 

Ignition  1.12 

99.00 
Mimetine  when  pure  has  for  its  formula  8  (l»b,  Ca.)  8  (Is  P)-|-Pb  Gl. 
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Vanadinite. 

This  is  found  at  the  same  locality  as  the  last  mineral,  and 
mixed  with  it  and  vanadate  of  copper  and  lead.  It  has  not  been 
discovered  crystallized,  nor  has  it  been  separated  in  a  state  of 
purity  from  the  accompanying  minerals. 

WULFENITE,   MOLYBDENATE  OF  LeAD. 

It  is  found  in  the  province  of  Coquimbo,  in   orange-colored 

octahedral  crystals;   also  in  lemon-yellow  plat^,  with  the  usual 

composition : 

Oxide  of  lead 60.81 

Molybdic  acid 39.19 

Having  for  its  formula  Ph  So. 

Domeyko  gives  the  analysis  of  a  specimen  where  lime  appears 
to  replace  part  of  the  lead.     It  is  as  follows: 

Oxide  of  lead 43.00 

Molybdic  acid 42.20 

Lime 6.30 

Peroxide  of  iron 8.60 

10000 

Meteoric  Iron. 

This  is  found  scattered  in  some  parts  of  the  desert  of  Atacama, 
in  pieces  from  the  size  of  a  small  nut  to  lumps  weighing  fifty 
pounds  and  more.  It  is  of  a  porous  nature,  the  pores  being  filled 
by  a  yellowish  and  greenish  olivine,  sometimes  the  olivine  con- 
stituting one  fifth  the  mass.  We  have  no  account  of  the  falling  • 
of  these  meteoric  masses.     One  specimen  that  was  examined  gave 

Iron 90.08 

Nickel 9.12 

Cobalt 39 

Copper 03 

Phosphorus 13 

99.76 
The  olivine  accompanying  was  also  analyzed  : 

Pulverulent  Olivine.  Compact  Olivine. 

Silica 40.50  39.51 

Peroxide  of  iron 11.64  18.38 

Magnesia 46.41  47.37 

Manganese 35  .16 

Lime trace  trace 

98.80  100.42 
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Magnetic  Oxide  of  Iron. 

Found  in  veins  of  copper  at  Higuera  and  various  other  parts 
of  the  provinces  of  Coquimbo,  Copiap6,  and  Chilian.  Its  consti- 
tution is 

Iron 72.40 

Oxygen 27.60 

Formula,  ^e^.  ^^'^ 

Micaceous  Oxide  of  Iron. 

It  is  abundant  in  Higuera  and  Punitaque,  where  it  accompanies 
minerals  of  copper,  gold,  and  mercury.  Its  most  constant  com- 
panion is  gold.  Small  veins  of  carbonate  or  silicate  of  copper  are 
frequently  contained  between  the  scales,  and  occasionally  red  oxide 
of  copper.     Its  composition  is 

Iron 70.00 

Oxygen 30.00 

The  formula  is  P.  ^^'^ 

GOTHITE. 

Commonly  found  in  scales  or  plates,  disseminated  or  grouped, 
and  is  sometimes  mistaken  for  cinnabar.  It  is  also  found  in  the 
form  of  geodes,  particularly  in  Topocalma  and  Valdivia;  in  the 
geodes,  marine  shells  (turritella)  are  frequently  found  of  very  mod- 
ern alluvial  formation,  like  that  in  which  the  lignites  of  Concep- 
cion  and  Colcura  are  found.  Breithaupt  called  a  prismatic  crys- 
talline variety  of  this  mineral  from  Chile  diileiie^  without,  however, 
any  just  grounds  of  separating  it  from  the  gothite  proper.  The 
analysis  of  the  chileite,  as  given  by  Breithaupt,  is 

Peroxide  of  iron 83.60 

Water 10.30 

Copper 1.90 

Silica 4.30 

Formula,  Pe  fl.  ^^'^ 

Pyrites. 

The  different  varieties  of  iron  pyrites,  are  found  in  all  parts 
of  Chile.     They  sometimes  contain  an  appreciable  amount  of  gold. 
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CoQUiMBiTE,  White  Copperas. 

The  Tierra  Amarilla,  near  Copiapo,  is  a  seam  of  pyrites  that 
crosses  compact  feldspathic  rocks,  and  from  its  decomposition 
several  minerals  result.  The  one  in  question  occurs  in  regular 
hexagonal  plates  of  a  yellowish-white  color  and  pearly  luster.  It 
has  a  strong  astringent  taste,  and  is  quite  soluble  in  water.  It  is  a 
neutral  sulphate  of  iron,  as  shown  by  Rose's  analysis: 

Peroxide  of  iron 24.11 

Sulphuric  acid 48.55 

Alumina 92 

Lime 78 

Magnesia 82 

Silica 81 

Water 30.10 


Its  formula  is  3P  g3_}_9  g. 


100.04 


Copiapite,  Yellow  Copperas. 

This  occurs  associated  with  the  last,  and  is  most  commonly 
found  in  fibrous  masses,  of  a  beautiful  silky  luster  when  the  frac- 
ture is  fresh ;  it,  however,  soon  becomes  of  a  rusty  color.  It  is 
not  so  soluble  as  the  last,  and  is  a  basic  salt.  Its  specific  gravity 
is  1.84.     The  analysis  of  a  fine  specimen  furnished  me 

1  2 

Sulphuric  acid 80.25  30.42 

Peroxide  of  iron...-. 31.76  30.98 

aLi;;a\\::::::::::::::;:::::::^}-*-«-*«<^-: 

100.74 
The  analyses  correspond  to  the  formula,  3Pe  §'-f  11  fi. 

Arseniuret  op  Iron. 

This  mineral  is  of  metallic  luster,  of  a  silver-white  color.  Spe- 
cific gravity  7.3.  It  is  found  in  several  of  the  silver  mines  of  Chile, 
especially  those  of  Carriso,  where  it  is  accompanied  by  mispickel, 
iron  pyrites,  blende,  native  antimony,  ruby-silver,  and  native  silver. 
A  specimen  analyzed  by  M.  Domeyko  furnished 

Arsenic 70.3 

Iron 27.6 

Sulphur 1.1 

Silver 2 

The  formula  is  Fe  As.  99.2 
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M18PICKEL. 

It  is  found  with  copper  and  cobalt  minerals  near  Coquimbo, 
with  copper  and  tungsten  near  Illapel,  and  with  ruby-silver,  anti- 
timonial  silver,  and  native  silver  in  the  mines  of  Chaflarcillo,  in 
the  lower  part  of  the  veins;  also  near  to  Carriso.  A  specimen 
examined  gave 

Arsenic 44.80 

Sulphur 20.25 

Iron 30.21 

Cobalt 5.84 

100.60 
The  formula  of  mispickel  is  Fe  As+Fe  8',  with  cobalt  replacing 
the  iron  to  a  greater  or  less  extent 

Carbonate  op  Iron  and  Manganese, 

This  is  described  as  a  distinct  mineral  by  M.  Domeyko,  but  in 
all  likelihood  it  is  merely  a  mixture.  It  accompanies  the  sulphu- 
ret  of  copper  and  gray  copper  in  the  silver  mines  of  San  Pedro 
Nolasco,  in  a  formation  of  secondary  stratified  porphyry.  This 
species  is  of  a  dark  blackish -gray  and  semi -metallic  luster;  its 
structure  is  foliated  in  their  laminsB,  diverging  and  grouped  to- 
gether in  such  a  manner  that  the  whole  forms  globular  concre- 
tions, covered  with  small  crystals  of  pearl-spar.  The  mineral  is 
soft;  the  powder  is  attracted  by  the  magiiet.  It  dissolves  readily 
in  cold  acids,  and,  according  to  M.  Domeyko's  analysis,  consists  of 

Oxide  of  iron 82.10 

Oxide  of  manganese 80.50 

Limo 2.75 

Magnesia trace 

Carbonic  acid 82.80 

Not  dissolved 85 

98.60 

OxEDE  OF  Manganese. 

This  is  found  at  Arqueros,  near  the  silver  veins  in  secondary 
porphyry.  The  varieties  that  appear  to  exist  there  are  psilomelane 
and  pyrolusite. 

Smaltine,  Arsenical  Cobalt. 

This  mineral  of  cobalt  is  found  in  Atacama,  in  transition  and 
secondary  formation,  often  accompanying  ruby-silver,  native  arsenic. 
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and  arsenical  nickel.  It  occurs  both  crystallized  and  massive,  pos- 
sessing all  the  properties  peculiar  to  this  mineral.  The  composi- 
tion of  the  specimen  examined  was 

Arsenic 70.86 

Cobalt * 24.13 

Iron .* 4.05 

Copper .41 

Nickel : 1 .23 

Sulphur 08 

100.75 
The  formula  of  the  mineral  is  Co  As,  part  of  the  cobalt  being 
frequently  replaced  by  other  metals. 

COBALTINE,  SULPHO-ARSENICAL  COBALT. 

This  is  found  in  Coquimbo,  in  small,  brilliant  octahedral  crys- 
tals, with  truncated  corners.  It  is  also  found  granular  and  mas- 
sive, in  pieces  of  considerable  size.  The  specimens  from  the  mines 
of  Volcan  and  San  Simon  are  of  a  steel-gray  color,  imperfect  foli- 
ated structure,  metallic  luster,  hard,  amorphous,  accompanied  with 
arseniuret  of  copper.  It  is  also  found  associated  with  copper  py- 
rites; and  there  is  one  vein  of  it  running  parallel  to  a  vein  of 
copper  pyrites.     Its  composition  is 

Arsenic 44.23 

Sulphur 19.82 

Cobalt 34.12 

Iron 3.01 

^  The  formula  is  Co'  S=-fCo  As.  101.18 

Cobalt  Bloom,  Arseniate  of  Cobalt. 

It  is  found  in  all  the  veins  containing  the  arseniurets  of  cobalt, 
and  also  in  most  of  the  silver  veins,  but  never  in  any  considerable 
quantity.  At  Arquerous  it  is  found  with  the  native  amalgam,  and 
with  native  and  horn-silver  in  the  mines  of  Argua,  Amarga,  Chafi- 
arcillo,  Punta  Brava,  Tunas,  etc.  It  is  crystallized  in  radiating 
crystals  of  a  peach-blossom  color,  and  consists  of 

Arsenic  acid 88.21 

Oxide  of  cobalt 35.92 

Oxide  of  nickel 08 

Oxide  of  iron 2.13 

Lime : 32 

Water 23.16 


The  formula  is  Co3  Is-f  8fi[.  99.82 
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Nickel  Glance,  Arsenical  Nickel. 

This  is  found  in  Atacama.  It  is  of  a  steel-gray  color ;  freshly 
broken  surfaces  soon  tarnish.  No  analysis  was  made  of  this 
mineral  from  the  above  locality;  and  we. know  of  none  that  has 
been  made.     When  pure  its  constitution  should  be 

Arsenic 46.16 

Sulphur 19.38 

Nickel 36.61 

100.00 
Its  formula  is  Ni  S'+Ni  As.      Other  metals,  especially  iron, 
frequently  replace  the  nickel  to  some  extent. 

Native  Bismuth. 

This  is  found,  alloyed  with  silver,  in  the  San  Antonio  mine, 
Atacama.  The  mineral  has  already  been  described,  under  the 
head  of  the  silver  minerals.  It  commonly  contains  from  fourteen 
to  fifteen  per  cent  of  bismuth. 

Native  Antimony. 

This  is  found  in  considerable  quantity  in  the  silver  veins  in  the 
mines  of  Carriso.  It  is  disseminated  in  small  irregular  veins,  and 
in  laminae,  like  galena.  The  most  constant  companions  of  it  are 
native  silver,  ruby-silver,  gray  antimony,  gray  copper,  etc.  The 
gangue  is  carbonate  of  lime  and  heavy  spar. 

White  Antimony 

Accompanies  the  last-mentioned  mineral  in  several  of  its  localities. 
It  has  l)een  found  massive ;  is  of  a  snow-white  color,  with  sometimes 
a  reddish  hue.  We  have  no  analysis  of  this  mineral  from  any  of 
the  localities  in  Chile.  It  is  an  oxide  of  antimony,  and  when  pure 
should  consist  of 

Antimony 84.32 

Oxygen 16.68 

Its  formula  is  Sb  03.  100.00 

Antimony  Glance. 

This  is  also  found  in  the  localitit^s  furnishing  native  antimony, 
with  all  the  ordinary  properties  of  this  well-known  mineral.  Its 
composition  is 


Digitized  by 


Google 


UmERAlB  OF  CHILE.  257 

Antimony 72.88 

Sulphur 27.12 


Its  formula  is  Sb  S3.  100.00 


Native  Absenio. 


This  substance  occurs  abundantly  in  the  provinces  of  Atacama 
and  Coquimbo.  It  is  of  a  tin- white  color  that  soon  tarnishes ;  it  is 
volatilized  completely  by  the  action  of  heat,  and  possesses  all  the 
other  peculiarities  of  this  metal.  It  often  contains  a  little  anti- 
mony and  iron.  It  accompanies  ores  of  silver,  particularly  ruby- 
silver,  antimonial  and  sulphuret  of  silver,  native  silver,  arsenical 
cobalt,  arseniuret  and  sulpho-arseniuret  of  iron.  I  am  not  informed 
of  the  existence  of  any  other  arsenical  minerals  in  Chile,  but  pre- 
sume the  oxide  and  sulphuret  must  also  be  found. 

Blende,  Sulphuret  op  Zinc. 

This  ore  of  zinc  is  found  near  the  Leona  mine  in  Bancagua. 
Specimens  examined  by  M.  Domeyko  contained  a  notable  amount 
of  iron ;  one  of  his  analyses  is  as  follows : 

Zinc 43.0 

Iron 12.4 

Sulphur  28.6 

Gangue 14.7 

97.7 
Its  formula  is  Zn  S,  with  iron  sometimes  replacing  a  portion  of 
the  zinc. 

Besides  these  minerals  described  there  were  a  few  others  of  a 
non-metallic  character  collected  by  the  expedition,  which  will  be 
simply  enumerated. 

Lapis  Lazuu. 

This  beautiful  mineral  occurs  in  no  inconsiderable  quantities 
in  the  province  of  Coquimbo.  Carbonate  of  lime  runs  through 
the  mass,  in  small  veins,  and  iron  pyrites  is  intimately  mixed  with 
it  in  small  crystals.  It  being  impossible  to  separate  the  two  last- 
mentioned  minerals  from  the  lapis  lazuli,  no  analysis  was  made 
of  it.  A  specimen  of  the  mineral  from  the  Andes  was  analyzed 
by  Mr.  T.  Field,  with  the  following  results : 

17 
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Silica 87.60 

Alumina 11.21 

Sulphur 1.65 

Iron 08 

Magnesia 86 

Soda 9.66 

Lime 24.10 

Carbonic  acid 15.05 

99.71 
Although  this  analysis  differs  somewhat  from  the  mineral  pro- 
cured from  other  localities,  still  the  difference  may  be  accounted 
for  by  the  unavoidable  impurities. 

Calcareous  Spar. 

This  is  found  in  all  parts  of  Chile,  and  is  one  of  the  most  com- 
mon gangue-rocks  of  the  silver  ores. 

Dolomite. 

This  is  also  a  common  mineral  in  Chile,  forming  in  many  places 
beds  of  immense  thickness. 

Heavy  Spar 
Exists  in  the  silver  veins  forming  ore  of  the  gangue-rocks. 

Asbestos  (Green). 

A  specimen  was  brought  from  the  copper  mines  of  Coquimbo, 
and  another  from  Tambillos. 

TUNGSTATE  OF  LiME. 

This  mineral  is  found  in  the  copper  mines  of  Llamaco,  near  to 
Chuap^,  and  contains  about  three  per  cent  of  oxide  of  copper  in 
its  constitution. 

Lignite. 

This  variety  of  coal  has  been  found  in  some  little  abundance 
at  Concepcion,  and  is  worked  to  some  extent.  These  lignites  ordi- 
narily form  but  one  seam  that  is  thick  enough  to  repay  explora- 
tion ;  it  is  often  accompanied  by  a  second  thin  seam  and  one  more 
irregular.  It  is  seldom  that  the  seams  are  found  more  than  six  or 
or  nine  feet  above  the  level  of  the  sea,  and  most  always  dip  to  the 
west  beneath  the  ocean.     It  has  been  found  on  the  shores  of  Con- 
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cepcion,  of  Valdivia,  and  on  the  shores  of  the  island  of  Chil6e. 
The  mines  that  have  been  worked  are  one  near  Penco,  another 
near  Lirquen,  the  mines  of  Taleahuana,  of  Las  Tierras  Colorados, 
of  Lota  and  of  Lotilla ;  the  two  last  mines  are  considered  those 
of  most  importance. 

M.  Crosnier  gives  the  analysis  of  several  of  these  lignites  as 
follows : 

Lota.  Lotilla.  Penco. 

Coke 52.8  42.7  89.9 

Volatile  matter 44.6  54.3  61.8 

Ash 3.1  3.0  8.3 

100.0  100.0  100.0 

The  coke  is  light  and  porous ;  it  is  sufficiently  solid  when  well 
burnt. 

Mineral  Waters. 

Five  specimens  of  mineral  waters  were  submitted  to  examina- 
tion ;  but  as  there  w^as  only  about  one  pint  of  each,  the  analyses 
can  not  be  considered  as  satisfactory  as  it  is  desirable  that  they 
should  be. 

No.  1.  From  the  baths  of  Apoquindo,  east  of  and  about  five 
hundred  feet  above  Santiago,  in  the  first  range  of  the  Andes. 
When  the  water  was  collected  its  temperature  was  74®,  the  air 
being  57®.     The  specific  gravity  of  it  is  1.00226. 

Solid  contents  in  one  litre  2.743  grammes,  composed  of 

Grammee. 

Chloride  of  calcium 1.666 

Chloride  of  sodium 1.008 

Chloride  of  magnesium ', trace 

Sulphate  of  lime 082 

Oxide  of  iron 018 

Organic  matter trace 

Silica 020 

No.  2.  From  the  baths  of  Colina.  The  temperature  of  the 
water  at  the  source  is  89i°  Fahr. ;  specific  gravity  1.00053.  The 
amount  of  solid  contents  in  one  litre  are  0.428  gramme,  com- 
posed of 

Sulphate  of  lime 120 

Sulphate  of  soda 089 

Chloride  of  calcium 077 

Chloride  of  sodium 142 

Oxide  of  iron trace 

Organic  matter trace 

Silica trace 
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No.  3.  This  is  also  from  the  baths  of  Colina,  and  when  col- 
lected was  79°  Fahr. ;  specific  gravity  1.00045.  The  composition 
of  the  water  is  the  same  as  the  last.  SoUd  contents  in  one  litre 
0.435  gramme,  composed  of 

Gramme. 

Sulphate  of  lime 118 

Sulphate  of  soda 094 

Chloride  of  calcium 087 

Chloride  of  sodium 136 

Oxide  of  iron trace 

Organic  matter trace 

Silica trace 

No.  4.  From  Cauquenes  Tibia  bath;  specific  gravity  1.00270; 
solid  contents  in  one  litre  3.3032  grammes,  composed  of 

Sulphate  of  lime 0600 

Sulphate  of  soda 0320 

Chloride  of  calcium 2.1682 

Chloride  of  sodium 1.0310 

Chloride  of  magnesium trace 

Oxide  of  iron 0020 

Organic  matter trace 

Silica 0100 

No.  5.  Cauquenes  Pelambre  bath;  specific  gravity  1.00283.  It 
is  constituted  the  same  as  the  last.  Solid  contents  in  one  litre 
3.3923  grammes,  composed  of 

Sulphate  of  lime 0680 

Sulphate  of  soda 0410 

Chloride  of  calcium 2.1751 

Chloride  of  sodium 1.1012 

Chloride  of  magnesium trace 

Oxide  of  iron trace 

Organic  matter trace 

Silica 0120 


Analysis  op  Water  brought  from  the  Rio  de  Mendoska  by 
Lieut.  Macrae. 

The  bottle  contained  a  large  amount  of  mud  sediment.     The 

clear  water,  on  evaporation,  gave  540  grammes  of  solid  matter  to 

the  litre,  composed  of 

Carbonate  of  lime 110 

Carbonate  of  magnesia 072 

Sulphate  of  lime 792 

Sulphate  of  magnesia 108 

Sulphate  of  soda 192 

Sulphate  of  iron 036 

Chloride  of  sodium 228 

Silica 112 

Organic  matter 150 


Digitized  by 


Google 


REPORT   ON  DUPONT'S  ARTESIAN   WELL  AT 
LOUISVILLE. 


SiUiman's  Jour.,  xxvii,  1859,  174-178. 

This  work  was  commenced  in  April,  1857,  from  the  bottom  of  a 
well  that  had  a  depth  of  twenty  feet ;  the  boring  tools  employed 
made  a  hole  five  inches  in  diameter  to  the  depth  of  seventy- six  feet 
from  the  surface ;  the  boring  was  now  reduced  to  three  inches,  and 
thus  continued  to  the  bottom  of  the  well.  The  depth  of  .the  well  is 
two  thousand  and  eighty-six  feet,  flow  of  water  three  hundred  and 
thirty  thousand  gallons  in  twenty-four  hours,  rise  above  the  surface 
one  hundred  and  seventy  feet. 

The  rock  struck,  which  geologically  belongs  to  the  Devonian 
series,  is  for  thirty-eight  feet  shell  limestone,  then  for  forty  feet 
coralline  limestone,  at  which  depth  the  Upper  Silurian  is  reached. 
Without  being  able  to  make  out  with  any  degree  of  certainty  the 
amount  of  Upper  Silurian  passed  through,  we  suppose  it  to  be  over 
twelve  hundred  feet.  At  the  depth  of  sixteen  hundred  feet  a 
sandstone  was  reached,  doubtless  of  the  Lower  Silurian,  and  ninety- 
seven  feet  deeper  was  encountered  the  first  stream  of  water  which 
reached  the  surface.  This  flowed  out  abundantly  and  with  much 
force.  The  quantity  not  being  sufiicient,  the  boring  was  continued. 
After  this  it  was  unnecessary  to  use  the  bucket  to  take  out  the 
material  detached  by  the  borer,  the  force  of  the  water  bringing  up 
the  fragments  very  readily.  The  water  increased  in  quantity  in 
going  deeper,  the  increase  being  more  marked  at  eighteen  hundred 
and  seventy-nine  feet,  and  still  more  at  nineteen  hundred  feet, 
where  pieces  of  rock  weighing  an  ounce  or  two  came  up  with  the 
water.  The  water  increased  every  ten  or  twenty  feet  to  the  depth 
of  two  thousand  and  thirty-six  feet;  here  a  very  hard  magnesian 
limestone  was  encountered  six  feet  in  thickness,  after  which  the 
sandstone  re-appeared,  and  for  the  next  fifty  feet  there  was  no  in- 
crease of  water. 
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The  following  table  exhibits  the  series  of  rock  as  &r  as  it  is 
possible  to  make  it  out  by  the  fine  fragments  taken  out  at  different 
depths,  beginning  at  the  top : 

76  feet — sand  and  gravel. 
100  feet — tolerably  pure  limestone  with  fragments  of  fossils. 

12  feet — soft  limestone  mixed  with  clay. 

62  feet — tolerably  pure  limestone  mixed  with  fossils. 
6  feet — limestone  with  ferruginous  clay. 

81  feet — gray  limestone. 
157  feet — limestone  mixed  with  clay. 
149  feet — tolerably  pure  limestone  with  many  portions  quite  white. 

13  feet — clay  shale  with  little  calcareous  matter. 
207  feet^ — limestone  with  a  little  blue  clay  shale. 

33  feet — same,  little  darker  and  more  shale. 
Next  94  feet — pure,  very  white  limestone  with  fossil  alternating  with 
very  dark  limestone,  color  probably  from  organic  matter,  with  some  dark 
shale. 

26  feet — shaly  limestone. 

40  feet — very  light  and  hard  pure  limestone. 
1  foot — white  clay. 

646  feet — gray  limestone,  alternating  hard  and  soft. 

41  feet— sand  rock,  white. 

4  feet — same,  very  fine  and  hard,  with  little  limestone. 
60  feet — same,  with  more  lime. 
72  feet — same,  less  limestone. 
308  feet — same,  sandstone  with  but  little  lime. 

6  feet — magnesian  limestone,  very  bard. 
60  feet — sandstone  again. 

At  the  urgent  request  of  many  citizens  of  Louisville  the  boring 
was  now  stopped  to  give  a  fair  test  of  the  medical  virtues  of  the 
water  that  was  pouring  forth  at  the  rate  of  two  hundred  and  thirty 
gallons  per  minute,  or  about  three  hundred  and  thirty  thousand 
gallons  in  twenty-four  hours.  The  water  by  its  own  pressure  rises 
in  pipes  one  hundred  and  seventy  feet  above  the  surface.  The  bor- 
ing was  accomplished  in  sixteen  months,  and  the  depth  reaehed  is 
two  thousand  and  eighty-six  feet.  In  order  to  conduct  the  water 
to  the  surface  and  prevent  its  passing  off  into  the  gravel  beds  be- 
low, a  tube  five  inches  in  diameter  leads  from  the  surface  to  the 
rock,  a  depth  of  seventy-six  feet,  into  which  it  is  driven  with  a 
collar  of  vulcanized  gum-elastic  around  it.  No  tubing  is  found, 
necessary  for  any  other  part  of  the  boring. 

When  the  size  of  the  bore  (three  inches  in  diameter)  and  its 
depth  are  considered,  the  flow  of  water  from  the  well  is  unequaled 
by  any  other  artesian  well  yet  constructed  that  flows  above  the 
surface;  for  although  the  Grenelle  well  at  Paris  delivers  six  hun- 
dred thousand  gallons  in  twenty-four  hours,  it  has  at  the  bottom  an 
area  six  times  as  great  as  the  Dupont  well,  and,  a  few  hundred  feet 
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up,  seven  times  as  great.  A  corresponding  diameter  to  Dupont's 
well  would,  according  to  just  and  reasonable  calculations,  furnish 
about  two  million  gallons  in  twenty-four  hours ;  also  the  elevation 
of  the  water  above  the  surface  is  greater  than  that  of  any  other 
artesian  weU,  and  it  is  only  exceeded  in  depth  by  the  St.  Louis 
well,  and  that  to  an  extent  of  one  hundred  and  thirteen  feet. 

The  water  comes  out  with  considerable  force  from  the  five-inch^ 
opening,  and  a  heavy  body  thrown  into  the  mouth  of  the  well  is 
rejected  almost  as  readily  as  a  piece  of  pine  wood.  By  an  approx- 
imate calculation  its  mechanical  force  Ls  equal  to  that  of  a  steam- 
engine  with  cylinder  ten  by  eighteen  inches,  under  fifty  pounds' 
pressure,  with  a  speed  of  fifty-five  revolutions  per  minute,  a  force 
rated  at  about  ten-horse  power.  The  top  of  the  well  is  now  closed, 
and  the  water  conducted  about  thirty  feet  to  a  basin  with  a  large 
jet  d'eau  on  the  center,  from  which  there  is  a  central  jet  of  water 
forty  feet  in  height,  with  a  large  water-pipe,  from  which  the  water 
passes  in  the  form  of  a  sheaf.  When  the  whole  force  of  water  is 
allowed  to  expend  itself  on  the  central  jet,  it  is  projected  to  the 
height  of  from  ninety  to  one  hundred  feet,  settling  down  to  a 
steady  flow  of  a  stream  sixty  feet  high. 

Temperature  of  the  Water, — The  water  as  it  flows  from  the  top  of 
the  well  has  a  constant  temperature  of  76^°  F.,  and  is  not  affected 
either  by  the  heat  of  summer  or  the  cold  of  winter.  The  tempera- 
ture at  the  bottom  of  the  well  is  several  degrees  higher  than  this, 
as  ascertained  by  sinking  a  Walferdin's  registering  thermometer  to 
the  bottom,  whicR  indicated  82i°  F.  Taking  as  correct  data  that 
the  point  of  constant  temperature  below  the  surface  of  Louisville 
is  the  same  as  at  Paris — namely,  53°  F. — at  ninety  feet  below  the 
surface  we  have  an  increase  of  one  degree  of  temperature  for  every 
sixty-seven  feet  below  that  point.  The  increase  in  Paris  is  one  de- 
gree for  every  sixty-one  and  two  tenths  feet.  The  temperature  of 
the  water  is  sufficient  for  comfortable  bathing  during  most  of  the 
year — a  circumstance  that  will  be  of  considerable  importance  if  it 
ever  be  turned  to  the  use  of  baths.  The  reason  of  the  difference 
of  six  degrees  between  the  water  at  the  bottom  of  the  well  and  at 
the  top  is  that  the  iron  pipe  leading  from  the  surface  to  the  rock 
passes  through  a  stratum  of  water  sixty  feet  thick,  having  a  tem- 
perature of  fifty-seven  degrees. 

The  Source  of  the  Water. — ^The  question  naturally  arises,  if  the 
vein  of  water  supplying  this  well  has  a  connection  with   some 
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distant  source  higher  than  the  surface  of  Louisville,  where  is  that 
source  ?  From  all  that  we  have  been  able  to  learn  of  the  geology 
of  this  county,  taking  Louisville  as  a  center,  the  first  rocks  encoun- 
tered corresponding  to  the  sandstone  (in  which  the  water  of  the 
artesian  well  was  struck)  are  in  Mercer,  Jessamine,  and  Garrard 
counties,  near  Dix  Creek,  to  the  east  of  Harrodsburg.  The  rocks 
there  are  said  to  be  cavernous  and  water-bearing.  The  elevation  is 
about  five  hundred  feet  greater  than  Louisville,  and  about  seventy- 
five  miles  in  a  straight  line  from  this  city. 

This  being  the  most  probable  source  of  the  water,  whence 
come  its  mineral  constituents?  These  are  obtained  from  the 
rocks  through  which  it  percolates  in  its  way  from  its  source  to 
the  point  below  Louisville  where  it  has  been  tapped.  It  will 
doubtless  flow  in  undiminished  quantity  for  centuries  to  come,  as 
wells  having  such  deep  sources  as  this  are  usually  inexhaustible. 
Nature  of  the  water. — The  water  is  perfectly  limpid,  with  a 
temperature,  as  already  stated,  of  76J°',  which  will  be  invariable 
all  the  year  round.  Its  specific  gravity  is  1.0113.  The  solid 
contents  left  on  evaporating  one  wine  galhn  to  dryness  are  915i 
grains,  furnishing  on  analysis 

GrBins. 

Chloride  of  sodium  (common  salt) 621.5204 

Chloride  of  calcium 66.7287 

Chloride  of  magnesium 14.7757 

Chloride  of  potassium 4.2216 

Chloride  of  aluminum 1.21 19 

Chloride  of  lithium .,. . .         .1012 

Sulphate  of  soda .*. . .     72.2957 

Sulphate  of  lime 29.4342 

Sulphate  of  magnesia 77.3382 

Sulphate  of  alumina 1.8012 

Sulphate  of  potash 8.2248 

Bicarbonate  of  soda 2.7264 

Bicarbonate  of  lime 5.9915 

Bicarbonate  of  magnesia 2.7558 

Bicarbonate  of  iron 3618 

Phosphate  of  soda 1.5416 

Iodide  of  magnesium 3647 

Bromide  of  magnesium 4669 

Silica 8867 

Organic  matter '. 7082 

Loss  in  analysis 8.1231 

Chlorides  of  rubidium  and  caesium traces 

916.4582 

GASES  IN   ONK  GALLON. 

Sulphureted  Jiydrogen 2.0060 

Carbonic  acid 6.1720 

Nitrogen 1.8680 
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The  analysis  was  performed  by  the  usual  methods ;  but  as  chlo- 
ride of  lithium  was  sought  for  and  found,  it  may  be  of  interest  to 
detail  the  method  of  research  in  this  particular,  as  a  guide  to  simi- 
lar investigations  of  other  mineral  waters  in  this  country.  Ten 
gallons  of  water  were  evaporated  to  about  two  pints  (there  was 
an  abundant  deposition  of  salts) ;  to  this  was  added  one  gallon  of 
ninety-five  per  cent  alcohol;  it  was  then  thrown  on  a  filter,  and 
the  salts  on  the  filter  washed  with  alcohol  of  the  same  strength ; 
the  filtered  liquor  was  evaporated  nearly  to  dryness ;  in  the  pres- 
ent instance  the  residue  consisted  of  a  few  ounces  of  a  thick,  syrupy 
liquid  ;  to  this  was  added  one  pint  of  absolute  alcohol ;  additional 
salts  were  precipitated;  the  liquid  was  again  filtered  and  evapor- 
ated nearly  to  dryness ;  to  it  were  added  eight  ounces  of  distilled 
water  and  two  ounces  of  milk  of  lime  (pure  lime  made  by  igniting 
carbonate  of  lime  prepared  by  carbonate  of  ammonia) ;  the  lime 
was  added  for  the  purpose  of  precipitating  the  magnesia  and  alu- 
mina; again  filtered  and  washed;  the  filtered  liquid  was  somewhat 
concentrated,  and  while  warm  carbonate  of  ammonia  was  added  to 
precipitate  the  lime ;  it  was  then  filtered  and  evaporated  to  about 
a  fluid-ounce,  and  treated  with  a  little  lime-water  and  carbonate  of 
ammonia  alternately,  to  insure  the  absence  of  the  last  traces  of 
magnesia  and  lime. 

Before  going  further  it  would  be  well  to  state  that  the  treat- 
ment of  alcohol  separates  the  great  mass  of  salts  that  are  held  in 
solution  by  the  water,  and  which  interfere  with  the  detection  of  so 
minute  a  constituent  as  the  lithium  salt ;  by  the  alcohol  we  reduce 
the  salts  to  small  amounts  of  chlorides  of  magnesium,  aluminum, 
calcium,  sodium,  potassium,  and  lithium  ;  by  the  lime  the  first  two 
are  got  rid  of,  and  by  the  carbonate  of  ammonia  the  lime  is  pre- 
cipitated. 

The  solution,  now  containing  the  chlorides  of  sodium,  potas- 
sium, lithium,  and  ammonium,  is  evaporated  to  dryness,  and  the 
residue  heated  to  dull  redness,  by  which  the  ammonia  salt  is  ex- 
pelled and  a  little  organic  matter  destroyed ;  the  residue  is  next 
dissolved  in  water,  and  a  drop  or  two  of  the  liquid  tested  for  a 
sulphate ;  should  this  be  present  it  must  be  got  rid  of  by  exact 
neutralization  with  chloride  of  barium  (a  slight  excess  of  the  ■chlo- 
ride of  barium  will  not  interfere  with  the  other  steps  in  the  analy- 
sis). In  the  examination  of  the  water  in  question  no  trace  of 
sulphate  was  found  at  this  stage  of  the  process ;  so  it  was  again 
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evaporated  to  dryness  in  a  small  capsule  over  a  water-bath ;  there 
were  now  a  few  grains  of  residual  matter.  To  this  was  added  an 
ounce  of  a  mixture  of  equal  parts  of  pure  ether  and  absolute  alco- 
hol, the  capsule  was  covered  with  a  small  receiver  and  allowed  to 
stand  for  eighteen  hours ;  the  liquid  was  then  thrown  on  a  small 
filter,  and  the  filter  washed  with  a  little  of  the  mixture  of  ether 
and  alcohol.  The  alcoholic  ether  solution,  evaporated  to  dryness, 
furnished  the  chloride  of  lithium,  recognized  by  its  well-known 
characteristics.  Although  this  process  requires  considerable  time 
and  some  careful  manipulation,  its  results  are  both  accurate  and 
satisfactory.  The  evaporation  of  two  hundred  gallons  of  the  water, 
and  the  examination  of  the  concentrated  mother-water,  enabled  me 
to  detect  rubidium  and  csesium  by  the  aid  of  the  spectroscope. 

The  water  of  this  artesian  well  has  very  valuable  medical  prop- 
erties, and  those  readers  who  are  curious  to  examine  into  these 
points  will  obtain  all  the  required  information  by  sending  to  Louis- 
ville for  the  medical  report. 


Digitized  by 


Google 


BISULPHATE  OF  SODA  AS  A  SUBSTITUTE  FOR 
THE  BISULPHATE  OF  POTASH 

IN  THE  DECOMPOSITION  OF  MINERALS,  ESPECIALLY 
THE  ALUMINOUS  MINERALS. 


Amer.  Jour.  Science,  xl,  1865,  pp.  248,  249. 

In  referring  to  the  more  recent  works  on  analytical  chemistry 
I  perceived  that  the  bisulphate  of  potash  is  still  used  to  the  almost 
utter  exclusion  of  bisulphate  of  soda  in  rendering  certain  minerals 
soluble ;  and  it  is  still  recommended  as  the  proper  agent  to  fuse 
with  aluminous  minerals,  as  corundum,  emery,  etc. 

This  subject  occupied  my  attention  to  a  considerable  extent 
when  engaged  in  the  preparation  of  two  memoirs  on  the  geology 
and  mineralogy  of  emery,  presented  to  the  French  Academy  of 
Science  in  1850,  as  well  as  in  some  investigations  I  am  now  making 
on  the  emery  from  Chester,  Mass.  In  the  above  researches  I  had 
a  large  number  of  corundums  and  emeries  to  analyze.  The  pow- 
dered minerals  were  fused  with  the  bisulphate  of  potash  in  the 
usual  way,  and  I  found  no  difficulty  in  decomposing  the  minerals ; 
but  unfortunately  during  the  operation  a  double  salt  of  potash  and 
alumina  is  formed  which  is  almost  insoluble  in  water  or  in  the  acids, 
and  it  is  only  by  a  solution  of  potash  that  it  is  first  decomposed 
and  afterward  redissolved.  There  are  many  disadvantages  and 
delays  attendant  upon  this  method  which  experience  soon  exhibits, 
as  the  constant  deposition  of  alum  if  the  solution  is  not  kept  quite 
dilute.  I  therefore  experimented  with  the  bisulphate  of  soda, 
knowing  that  the  double  salt  of  alumina  and  soda  was  quite  solu- 
ble, and  my  results  were  every  thing  that  could  be  desired;  for 
while  the  soda-salt  gives  a  decomposition  at  least  as  complete  as 
the  potash-salt,  the  melted  mass  is  very  soluble  in  water,  aud  in  the 
future  operations  of  the  analyses  there  is  no  embarrassment  from 
a  deposit  of  alum*.    The  manner  of  employing  the  bisulphate  of 
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soda  in  the  analysis  of  emery  is  referred  to  in  the  article  on  the 
emery  of  Chester,  Mass. 

Preparation  of  the  Bisulphate  op  Soda. 

The  ordinary  commercial  article  is  not  sufficiently  pure  for  use, 
and  I  prepare  it  from  pure  carbonate  of  soda  or  sulphate  of  soda 
that  has  been  purified  by  re -crystallization.  In  either  instance 
pure  sulphuric  acid  is  added  in  excess  to  the  salt  in  a  large  plati- 
num capsule,  and  heated  over  a  flame  until  the  melted  mass,  when 
taken  up  on  the  end  of  a  glass  rod,  solidifies  quite  firmly.  The 
mass  is  then  allowed  to  cool ;  moving  it  over  the  sides  of  the  cap- 
sule will  facilitate  this  operation.  When  cool  it  is  readily  detached 
from  the  capsule,  then  broken  up  and  put  into  a  glass- stoppered 
bottle.  So  far  as  my  experience  has  yet  gone,  in  almost  every 
instance  where  we  have  been  in  the  habit  of  using  bisulphate  of 
potash,  the  bisulphate  of  soda  can  be  substituted. 
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TETRAHEDRITE,  TENNANTITE,  AND  NACRITE, 

OF  THE  KELLOGG  MINES  OF  ARKANSAS. 


Amer.  Jour,  Science,  xliii,  1867,  pp.  67-69. 

A  short  time  since  Prof.  E.  T.  Cox,  of  Indiana,  sent  to  me  an 
antimonial  copper  ore  containing  silver,  one  fragment  being  the 
termination  of  a  crystal  having  a  number  of  small  but  beautiful 
faces ;  another  was  a  minute  crystal  of  a  different  form.  In  the 
hands  of  Prof.  Cox  a  blowpipe  analysis  had  given  about  five  per 
cent  of  silver  in  some  of  the  mineral. 

The  crystalline  fragments  were  first  examined,  and  they  enabled 
me  clearly  to  trace  out  tetrahedrite  in  one  and  tennantite  in  the 
other.  The  faces  on  the  tetrahedrite  were  small,  but  beautiful  and 
very  numerous ;  from  the  number  on  the  fragment  examined  there 
would  not  have  been  less  than  from  sixty  to  seventy  had  the  crystal 
been  perfect.  It  corresponds  very  nearly  to  the  crystal  figured  in 
Dufrenoy's  Mineralogy,  plate  124,  fig,  441,  which  he  speaks  of  as 
coming  from  Moschellandsberg,  a  locality  that  I  am  not  able  to 
discover.  Good  measurements  were  made  on  a  few  of  the  faces. 
P  on  P  70°;  P  on  63  1590  30/.  p  on  a^  144°  8(K. 

Specific  gravity  of  different  specimens  varied  from  4.78  to  5.08  ; 
the  latter  was  the  specific  gravity  of  the  above  crystal.  The  analy- 
sis of  two  specimens.  No.  2  being  a  part  of  the  crystal,  gave 

1  2 

Antimony 26.60  27.01 

Sulphur 26.71  25.32 

Copper 36.40  83.20 

Iron 1.89  .82 

Zinc 4.20  6.10 

Silver 2.30  4.97 

Arsenic 1.02  .61 

99.02  98.03 

The  quantity  of  No.  2  analyzed  did  not  exceed  three  hundred 
milligrammes. 
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There  are  two  miuerals,  consisting  of  minutfe  micaceous  scales, 
on  the  quartz  containing  this  gray  copper.  One  of  them  I  could 
not  obtain  in  sufficient  quantity  for  examination ;  from  an  imper- 
fect examination  I  conclude  that  it  is  muscovite.  The  other  min- 
eral— ^a  soft,  unctuous,  talc-like  mineral — is  nacrite,  composed  as 
follows : 

Silica 66.02 

Alumina 26.11 

Oxide  of  iron 2.20 

Manganese trace 

Potash  and  soda 1.18 

Water 4.98 

99.49 
These  minerals  came  from  an  exceedingly  interesting  mine  in 
Arkansas  that  is  as  yet  almost  unexplored.  I  have  obtained  a  de- 
scription of  it  from  Professor  Cox,  and  I  think  it  would  be  well  to 
give  it  here;  for,  besides  being  likely  to  prove  of  considerable 
commercial  value  when  properly  explored,  there  will  doubtless  be 
found  many  interesting  mineral  species  there. 

The  Kellogg  mines  are  situated  ten  miles  north  of  the  city  of 
Little  Rock,  in  Pulaski  County,  Ark.  The  country  in  the  vicinity 
is  rolling;  the  highest  hills  are  about  two  hundred  and  seventy  feet 
above  the  water-level  of  the  neighboring  streams.  The  surface 
rocks  are  thick,  and  thin  beds  of  sandstone  alternating  with  shales 
occupying  the  base  of  the  coal  measures.  The  rocks  are  but  little 
disturbed,  and  are  for  the  most  part  horizontal.  There  are  no  met- 
amorphic  rocks  showing  themselves  at  the  surface  nearer  than 
Little  Rock,  on  the  south  side  of  the  Arkansas  River.  Innumer- 
able veins  of  milky  quartz  are  seen  traversing  the  sandstones  and 
shales. 

About  seventeen  years  ago  lead  ore  was  discovered  at  these 
mines  by  Mr.  Kellogg;  companies  were  organized  and  mining 
operations  carried  on  extensively  for  about  one  year,  when  the 
flattering  accounts  of  the  gold  discoveries  in  California  caused  the 
miners  to  leave,  and  the  work,  which  had  been  badly  conducted, 
was  abandoned.  Many  tons  of  the  ore,  which  is  an  argentiferous 
galena  (containing  sixty  to  two  hundred  ounces  of  silver  to  the 
ton),  were  extracted  from  the  mine,  and  finally  the  greater  part 
was  shipped  to  England  and  sold  at  a  good  price.  A  smelting 
furnace  has  been  erected  on  the  grounds,  J)ut  for  lack  of  skill  the 
proprietor  never  succeeded  in  working  the  ore  profitably ;  conse- 
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quently  the  impression  was  produced  that  the  ore  could  not  be 
smelted,  but  there  is  no  good  reason  for  such  an  opinion. 

Since  the  mines  have  been  abandoned,  the  old  shafts,  ranging  in 
depth  from  fifteen  to  seventy  feet,  are  all  filled  in,  and  the  country 
has  become  covered  with  a  dense  undergrowth  of  brush  and  briars. 

About  one  year  ago  Prof.  Cox  revisited  these .  mines  for  a  com- 
pany who  had  in  view  the  lease  or  purchase  of  them ;  it  was  during 
this  visit  that  the  gray  copper  above  referred  to  was  discovered. 

This  ore  had  previously  escaped  the  observation  of  others  who 
had  explored  these  mines.  It  is  impossible  at  present  to  see  the 
ore  in  place,  and  those  who  previously  worked  the  mine  give  con- 
flicting statements  as  to  the  manner  in  which  the  ore  is  found. 

The  vein-rock  and  associated  minerals  with  the  galena  are  white 
quartz,  spathic  iron,  zinc-blende,  copper  pyrites,  gray  copper,  ten- 
nantite,  and  nacrite. 

The  mines  are  now  in  the  hands  of  a  new  company,  and  the 
latest  information  from  their  operations  is  that  matters  look  well ; 
the  vein  now  being  worked  is  nearly  three  feet  wide,  principally 
lead  ore,  the  balance  being  zinc-blende ;  twenty  hands  are  at  work, 
and  the  shaft  is  down  forty-five  feet.  My  opinion  is  that  in  time 
this  mine  will  become  of  considerable  importance,  and  lead  to  fur- 
ther developments  of  argentiferous  galena  in  that  region. 
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AND   ITS   RELATIONS   TO   THE    EPHESlTE    OF  THE   EMERY 
FORMATION  NEAR  EPHESUS,  ASIA  MINOR. 


Amer.  Jour.  Science,  xlviii,  1869,  pp.  254,  255. 

Several  years  ago  a  small  amount  of  mineral  from  Chester 
County,  Penn.,  was  handed  to  me  for  examination  by  Dr.  Isaac 
Lea,  of  Philadelphia.  The  specimen  was  too  impure  to  warrant 
any  conclusion  upon  analysis.  Its  chai-acter  and  associates,  how- 
ever, led  me  to  suppose  that  it  was  the  same  mineral  described  by 
me  as  associated  with  the  emery  of  Asia  Minor,  and  to  which  I 
gave  the  name  ephesite.  In  the  meantime  Dr.  Lea  described  his 
mineral  as  a  new  species,  calling  it  leslet^Ue;  and  in  a  recent  num- 
ber of  the  American  Journal  of  Science  and  Arts,  8.  P.  Sharpies 
has  given  an  analysis  of  it  that  at  once  brought  to  recollection 
my  original  opinion  that  it  was  close  to  ephesite,  and  on  recur- 
ring to  my  examination  of  this  mineral,  making  due  allowance  for 
the  impurities  contained  in  it,  the  opinion  was  confirmed. 

I  then  obtained  from  Dr.  Lea  another  specimen  of  his  mineral, 
and  proceeded  to  analyze  both  it  and  the  ephesite  for  mutual  com- 
parison. Much  labor  was  bestowed  in  selecting  the  pure  mineral 
from  each,  the  greater  part  of  a  day  having  been  consumed  in  pro- 
curing the  necessary  quantity  for  analysis.  They  are  similar  in 
their  associations  and  identical  in  color  and  luster  and  general  phy- 
sical properties.  They  are  both  very  difficult  to  decompose  by  car- 
bonate of  soda,  even  when  aided  with  caustic  potash ;  so  that  in 
both  analyses  the  silica  obtained  was  fused  a  second  time,  and 
much  alumina  separated  from  it. 

My  original  description  of  the  mineral  will  be  found  under 
Emery,  in  the  American  Journal  of  Science  and  Arts,  2d  series, 
vol.  X,  1850,  as  follows : 

"  It  is  of  a  pearly-white  color,  and  lamellar  in  structure ;  cleavage  diffi- 
cult.   It  scratches  glass  easily,  and  has  a  specific  gravity  of  from  3.15  to  3.20. 
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Heated  before  the  blowpipe,  it  becomes  milk-white  but  does  not  fuse.  At 
first  sight  it  might  be  taken  for  white  disthene.  It  is  decomposed  with  great 
difficulty  by  carbonate  of  soda,  even  with  the  addition  of  a  little  caustic 
soda." 

The  lesle3rite  has  identically  the  same  properties.  On  analysis 
the  two  minerals  were  found  to  be  composed  as  follows : 

Ephefiite.  Lesleyite. 

Silica 30.70  81.18 

Alumina % 56.67  66.00 

Lime 2.56  .45 

Soda 6.52  1.20 

Potash 1.10  7.28 

Water 4.91  4.80 

100.45  99.91 

The  alkalies  in  the  two  varieties  are  reversed,  the  ephesite  con- 
taining principally  soda  and  the  lesleyite  potash. 

This  close  relation  of  the  two  minerals  is  an  interesting  fact  as 
regards  the  associate  minerals  of  corundum  found  in  different  parts 
of  the  world. 

In  regard  to  the  reddish  variety  of  lesleyite  examined  by 
Boepper,  the  analysis  can  not  be  considered  as  giving  very  satis- 
factory results,  for  the  mineral  may  have  been  impure,  and  the 
difficulty  in  decomposing  by  the  soda  fusion  may  give  very  errone- 
ous results  in  a  silica  determination. 

18 
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REMARKS  ON  THE  ALKALIES 

CONTAINED  IN  THE  MINERAL  LBUCITE 


Amer,  Jour.  Science,  xlix,  1870,  pp.  335,  336. 

In  examining  recently  many  of  the  silicates  containing  alkalies 
my  attention  has  been  called  to  leucite,  and  it  is  on  that  mineral 
especially  that  I  would  now  remark,  reserving  for  another  time  my 
observations  on  the  .other  silicates. 

The  specimens  of  leucite  examined  came  from  four  localities, 
Vesuvius,  Andernach,  Borghetta,  and  Frescati.  They  were  about 
as  good  specimens  as  are  obtained  from  these  localities,  although 
all  of  them  were  not  equally  pure.  The  alkalies  found  in  each 
calculated  as  potash  were 

Vesuvius 21.86 

Andernach 20.06 

Borghetta 20.68 

Frescati 20.88 

The  specimen  from  Andernach  was  analyzed  for  the  silica,  etc. , 
and  found  to  contain  silica  54.75,  alumina  23.08,  and  1.55  of  oxide 
of  iron ;  this  last  seemed  to  be  mechanically  disseminated  through 
the  crystals. 

I  say  above  in  relation  to  the  alkalies,  **  all  calculated  as  pot- 
ash," for  the  reason  that  there  is  a  notable  quantity  of  rubidium 
and  csesium  present  in  all  the  specimens  above  mentioned.  In 
fact,  by  the  method  adopted  in  testing  for  these  alkalies,  abundant 
indications  are  obtained  of  the  presence  of  rubidium  and  caesium 
(the  last  not  so  readily)  even  when  operating  on  but  half  a  gramme 
of  the  mineral.  I  am  now  engaged  in  working  out  a  method  of 
estimating  quantitatively  rubidium  and  csesium  in  the  presence  of 
other  alkalies ;  by  this  method,  not  yet  perfected,  the  quantity  of 
these  alkalies  in  leucite  is  found  to  be  about  nine  tenths  of  one 
per  cent  of  the  entire  mineral. 
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Of  course  it  is  not  at  all  remarkable  that  the  potash  in  the 
different  specimens  of  leucite  should  be  the  same ;  but  it  is  a  mat- 
ter of  interest  to  know  that  from  whatsoever  locality  it  comes  this 
minute  quantity  of  rubidium  and  caesium  occurs  with  it.  On  some 
future  occasion  I  hope  to  be  able  to  bring  together  certain  general- 
ities in  this  connection  of  more  or  less  interest  to  mineralogists. 

I  have  also  detected  rubidium  in  half  a  gramme  of  margaro- 
dite  and  Warwick  mica,  and  have  failed  to  detect  it  in  apophyl- 
lite,  thomsonite,  pectolite,  elseolite,  chesterlite,  cancrinite,  and  other 
silicates. 
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FLAME-HEAT  IN  THE  CHEMICAL  LABORATORY, 

ESPECIALLY  THAT  FROM  GAS,  WITHOUT  THE  AID 
OF  A  BLAST. 


Amer.  J(mr.  Scimce,  1,  1870,  pp.  341-344. 

There  is  probably  no  more  important  era  in  the  operations  of 
the  chemical  laboratory  than  that  of  the  introduction  of  the  lamp 
as  a  source  of  heat  for  a  large  number  of  chemical  operations,  and 
that  without  the  aid  of  a  blast.  Berzelius  was  doubtless  the  first 
to  accomplish  much  in  this  direction,  which  he  did  by  the  agency 
of  the  lamp  that  so  commonly  bears  his  name,  and  which,  more 
or  less  modified,  is  still  in  use  where  the  ordinary  illuminating  gas 
is  not  to  be  had. 

Although  illuminating  gas  has  been  in  use  for  about  seventy 
years,  it  is  only  within  a  comparatively  recent  date  that  it  has  been 
pressed  into  service  and  used  as  a  heating  agent  in  the  laboratory. 
The  reason  of  this  arose  from  the  fiict  that  when  burnt  in  the  ordi- 
nary manner  it  deposited  soot  on  the  vessels  heated  by  it.  This 
diflSculty  has  been  overcome  by  burning  the  gas  from  small  orifices 
made  in  a  tube  bent  in  the  form  of  a  circle,  the  holes  being  from 
one  to  two  centimeters  apart,  and  sometimes  combining  two  or 
more  rings  in  concentric  circles.  This  method,  however,  has  not 
been  generally  adopted. 

We  must  date  the  successful  introduction  of  gas  for  heating 
purposes  to  the  use  of  a  mixture  of  gas  and  air  passed  through 
wire-gauze  and  ignited  above  the  gauze,  giving  a  flame  without 
light  and  with  great  heat.  The  invention  of  this  method  is  claimed 
by  several,  and  doubtless  was  discovered  by  different  individuals 
at  about  the  same  time,  without  a  previous  knowledge  of  each 
other's  results ;  this  method  is  still  more  or  less  employed  for  cer- 
tain purposes. 

The  next  step  in  this  direction,  and  doubtless  the  most  impor- 
tant up  to  the  present  time,  is  to  burn  the  mixture  of  gas  and  air 
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without  the  agency  of  wire-gauze ;  it  was  first  made  known  to  the 
public  in  the  burner  commonly  called  the  Bunsen  burner,  doubtless 
from  its  being  either  invented  or  brought  into  extensive  practical 
use  by  th^  distinguished  chemist  of  Heidelberg.  Its  form  is  too 
well  known  to  require  more  than  a  mere  mention  here,  and  it  is 
now  made  of  all  sizes,  from  those  capable  of  burning  four  cubic 
feet  of  gas  and  under  to  those  which  can  burn  fifteen  or  twenty 
cubic  feet  from  a  single  burner  or  from*  a  combination  of  several 
smaller  ones.  To  this  burner  some  material  additions  have  been 
made  by  different  individuals.  J.  J.  Griffin  (the  chemical-instru- 
ment dealer  in  London)  was,  I  believe,  the  first  to  introduce  the 
use  of  the  rosette  and  the  register  for  the  supply  of  air.  The  most 
remarkable  results  accomplished  by  this  method  of  burning  gas 
and  air  are  those  obtained  by  G.  Gore,  of  Birmingham  (all  of 
whose  results  I  have  verified),  where  gold,  copper,  cast-iron,  etc. 
were  fused  in  crucibles  without  the  agency  of  any  artificial  blast. 
Mr.  Gore  evidently  realized  fully  the  true  principle  of  burning  this 
mixture  so  as  to  obtain  a  maximum  effect;  the  burner,  however, 
with  its  furnace  arrangements,  is  unavoidably  of  a  form  and  on  a 
scale  limiting  its  application. 

The  usual  form  of  the  Bunsen  burner,  with  the  rosette  and 
register  (when  required),  bids  fair  to  hold  its  own  against  any 
other  form  for  general  purposes,  and  whatever  modifications  may 
be  made  on  it  should  be  of  such  a  character  as  not  to  intrench 
on  its  simplicity.  One  or  two  of  these  modifications  are  now  in 
daily  use  in  my  laboratory,  for  which  there  is  no  claim  to  any 
special  originality,  nor  are  they  intended  to  supplant  the  ordinary 
form. 

As  simple  an  instrument  as  the  Bunsen  burner  appears  to  be, 
its  principles  and  effects  are  well  worthy  of  being  carefully  studied. 

As  the  gas  passes  from  the  small  orifices*  in  the  lower  part 
of  the  burner,  and  mixes  with  the  air  drawn  in  at  the  lower  open- 
ing and  passes  out  at  the  open  end  of  the  tube,  it  usually  contains 
not  quite  enough  oxygen  for  its  complete  combustion,  and  requires 
free  access  of  air  to  the  outer  portion  of  the  flame  to  complete 

*  The  outlet  for  gas  may  be  in  the  form  of  crossed  slits  or  two  small 
holes  (one  thirty-second  inch  in  diameter  each)  for  the  small-size  burner, 
the  length  of  the  tube  being  about  four  to  four  and  a  ha^  inches ;  the  next 
larger  has  four  openings  (about  one  twenty-fifth  inch  diameter  each),  and 
the  tube  about  five  inches  long. 
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the  combustion ;  jet  even  with  this  the  flame  is  hollow  in  its  lower 
portion,  having  a  cool  center,  its  most  intense  heat  being  at  about 
three  or  four  inches  above  the  end  of  the  tube  in  the  smaller  Bun- 
sen  burners,  and  eight  or  ten  inches  in  the  largest  size.  If  a  proper 
access  of  air  is  not  allowed  to  the  flame,  as  sometimes  happens  in 
some  of  the  furnace  connections  occasionally  used  with  Bunsen's 
burner,  acetylene  is  formed  from  the  imperfect  combustion,  which 
is  recognized  by  its  disagreeable  odor,  or  by  •collecting  some  of  the 
gas  formed  during  the  combustion ;  the  presence  of  acetylene  may 
be  rendered  evident  by  a  small  amount  of  a  solution  of  ammoni- 
acal  cuprous  chloride. 

The  best  heating  effects  of  the  gas  used  in  the  ordinary  round 
Bunsen  burner,  when  employed  in  the  heating  of  crucibles  and 
other  vessels,  are  not  obtained ;  yet  in  the  great  majority  of  cases 
the  small  loss  of  gas  is  not  worth  considering,  especially  as  to  obtain 
better  results  in  most  cases  would  only  complicate  this  beautifully 
simple  instrument. 

To  get  the  best  effects  of  heat  we  must  imitate  the  principle 
applied  in  the  Argand  burner,  namely,  to  flatten  down  the  exit  of 

of  the  mixed  gases.  It'  was 
by  following  out  this  principle 
that  Mr.  Gore  was  enabled  to 
make  a  burner  having  a  num- 
ber of  radial  flat  orifices  as 
represented  in  the  figure  (1) ; 
the  air  from  without  having 
free  access  to  the  flame  along 
the  entire  length  of  the  slit 
openings,  the  number  of  slits 
used  are  more  numerous  than 
those  represented  in  the  fig- 
ure. With  the  flame  from 
this  burner  introduced  into  a 
certain  form  of  refractory  cylinders,  cast-iron  can  be  melted  in 
a  crucible  without  the  aid  of  a  blast,  as  has  already  been  stated, 
the  little  chimney  to  the  furnace  being  two  inches  in  diameter  and 
four  feet  long.  This  burner  and  its  furnace  is  of  but  limited 
application,  and  the  amount  of  gas  consumed  considerable. 

The  principle,  however,  of  the  above  burner  is  introduced  in 
constructing  a  more  simple  form,  and  the  flattened  orifice  is  now 


Fig.  1. 
The  openings  at  the  exit  of  Gore's  burner. 
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used  in  the  construction  of  what  I  conceive  to  be  the  best  form 
of  furnace  for  heating  glass  tubes  for  organic  analyses  and  other 
purposes.  Such  furnaces  are  made  by  Weisnig,  of  Paris,  and 
Desaga,  of  Heidelberg. 

The  use  of  the  flattened  burner  is  not  fully  appreciated ;  its 
advantages  are,  that  there  is  no  cold  point  in  the  flame,  and  the 
burner  can  be  brought  much  nearer  to  the  object  to  be  heated — 
within  twenty  to  twenty-five  millimetres  for  the  small-sized  burn- 
ers. In  this  burner,  as  usually  made,  the  opening  is  too  broad, 
experience  having  convinced  me  that  a  slit  two  millimetres  across 
and  about  forty  millimetres  in  length  is  the  most  eflective  one 
for  a  small-sized  burner,  consuming  about  five  and  a  half  cubic 
feet  per  hour.  This  burner  is  represented  in  figure 
2,  which  can  be  used  with  the  ordinary  tube  by 
detaching  the  tube  with  the  flattened  orifice. 

By  taking  a  burner  of  this  description  and  put- 
ting two  pieces  on  each  side  of  the  center,  as  rep- 
resented in  figure  3,  a  very  efl^cient  burner  is  made 
for  heating  platinum  crucibles  in  silica  fusions,  etc., 
and  with  such  a  burner,  consuming  five  and  a  half 
,  to  six  cubic  feet  of  gas  per  hour,  I  conduct  most 
>  effectually  all  silica  fusions  in   one  hour  or  less, 
^^^'  ^'  taking  care  to  protect  the  crucible  from  the  current 

of  the  air  by   a  properly-consfructed   short 
conical  chimney. 

As  was  stated  in  the  commencement  of 
this  article  it  was  not  intended  to  describe  the 
methods  of  .burning  gas  in  furnaces  and  by 
means  of  a  blast,  but  to  confine  the  remarks 
to  the  simpler  forms  in  e very-day  use,  which 
can  be  made  to  accomplish  all  the  ordinary 
requirements  of  the  laboratory,  and  when  a 
higher  heat  is  required  the  furnace  must  be 
our  recourse,  whether  burning  gas,  charcoal,  or  coke.  The  burner 
represented  in  figure  2  is  the  one  I  now  employ  in  heating  the  cru- 
cible in  my  method  of  alkali  determination  with  carbonate  of  lime 
and  sal  ammoniac. 


Fig.  3. 
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BY  IGNITION  WITH  CARBONATE  OF  LIME  AND 
SAL  AMMONIAC. 


Amer.  J<mr.  Science,  1,  1871,  pp.  269-275;  Amer,  Ghent.,  i,  1871, 
pp.  401-407;  Annals  Chem.  Pharm.,  clix,  1871,  pp.  82-92. 

In  the  following  description  of  a  method  of  separating  and  de- 
termining the  alkalies  I  aim  to  give  ihe  minuted  details,  and  it  is  to 
be  regarded  as  an  appendix  to  the  one  on  page  140.  Numerous 
analyses  have  given  me  the  experience  here  presented ;  and  I  am 
convinced  that  analytical  chemists,  if  they  follow  out  the  direc- 
tions, will  not  resort  to  any  other  known  method.  If  there  be  a 
better  method,  it  is  yet  to  be  discovered.  The  presence  of  boracic, 
hydrofluoric,  and  phosphoric  acids  in  the  minerals  in  no  way  inter- 
feres with  the  process.  Even  in  silicates  soluble  in  acids  1  prefer 
this  method,  in  common  with  other  analysts,  for  its  ease  and  accu- 
racy. I  made  the  researches  dufing  the  latter  part  of  1852,  and 
the  details  were  published  early  in  1853.*  Since  then  I  have  em- 
ployed the  process  many  hundreds  of  times  with  the  most  accu- 
rate results.  Some  minor  points  were  not  completed  satisfactorily 
until  several  years  after  the  first  notice  of  the  method;  these  have 
since  been  perfected,  and  I  now  know  of  nothing  further  that  is 
needed. 

The  purpose  of  this  article  is  to  give  all  the  improvements,  with 
a  minute  detail  of  the  manipulations  and  of  the  precautions  neces- 
sary, all  of  which  are  simple  and  easily  executed.  In  the  two 
articles  on  the  subject  of  alkali  determination  in  minerals,  pub- 
lished in  1853,  the  whole  subject  was  reviewed,  and  it  is  needless 


*  Shortly  after  my  first  publication  in  this  country  M.  St.  Claire  Deville 
made  known  his  method  of  analyzing  the  silicates  by  fusion  with  carbonate 
of  lime,  but  the  nature  of  his  process  and  the  objects  to  be  arrived  at  were 
quite  different  from  those  attained  in  this  process. 
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to  return  to  it  now.  I  then  considered  the  processes  by  caustic 
baryta  and  its  salts,  and  by  hydrofluoric  acid,  and  also  detailed 
some  experiments  on  the  separation  of  the  different  alkalies  from 
each  other,  and  on  the  microscopic  examination  of  the  same,  etc. 
It  was  proved  that,  after  the  caustic  alkalies,  the  most  powerful 
agent  to  attack  silicates  at  a  high  temperature  is  caustic  lime,  a 
fact  not  new  to  chemists.  But  for  the  purpose  of  accomplishing 
conveniently  by  this  method  a  quantUaHve  determination  of  the  alkalieB 
in  silicates,  certain  methods  of  manipulation  and  facts  with  regard 
to  quantity  of  material,  admixture,  etc.,  had  to  be  discovered  ;  and 
in  them  resides  the  success  of  my  process — converting  the  most 
difficult  parts  of  the  analysis  of  a  silicate  into  the  easiest. 

The  methods  of  analysis  by  caustic  baryta  and  by  means  of  its 
carbonate  are  now  no  longer  used,  for  various  reasons  fully  detailed 
by  Rose  in  his  Analytical  Chemistry.  The  method  still  extensively 
employed  is  that  with  hydrofluoric  acid,  proposed  by  Berzelius  ; 
and  when  used  with  the  necessary  precautions  it  has  seemed  to  de- 
compose all  silicates;  still,  according  to  Rose,  there  are  siliceous 
compounds  that  can  not  be  completely  decomposed  by  hydrofluoric 
acid.* 

Dismissing  all  criticism,  I  at  once  proceed  to  the  method  which 
is  the  subject  of  this  article,  viz. ,  the  decomposition  of  silicates  by 
ig^nition  vnth  carbcmate  of  lime  and  sal  ammmiiac.  A  mixture  of  car- 
bonate of  lime  and  sal  ammoniac  is  used  in  the  decomposition 
simply  for  the  purpose  of  bringing  the  caustic  lime  to  act  in  a  most 
thorough  ^manner  upon  the  silicates  at  red  heat.f 

Pure  carbonate  of  lims, — The  first  requisite  is  pure  carbonate  of 
lime.  This  is  made  in  my  laboratory  as  follows:  Take  as  good 
marble  (calcite)  as  can  be  conveniently  found,  and  dissolve  it  in 
hydrochloric  acid  (it  is  not  necessary  that  the  acid  be  perfectly 
pure);  add  an  excess  of  the  marble  and  warm  the  solution;  to  it 
add  lime-water,  or  some  milk  of  lime  made  from  pure  lime,  until 
the  solution  is  alkaline  to  test-paper ;  the  lime  is  added  to  precipi- 
tate any  magnesia,  phosphate  of  lime,  etc.,  that  may  have  existed 
in  the  marble.     Filter  this  solution  and  precipitate  with  carbonate 


♦The  process  used  by  Deville  in  fusing  with  carbonate  of  lime  is  in  most 
cases  better  than  that  by  hydrofluoric  acid,  and  one  that  I  should  use  in  pref- 
erence to  all  others  except  the  one  now  under  notice. 

t  Chloride  of  calcium  at  a  red  heat  will  dissolve  more  or  less  caustic 
lime. 
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of  ammonia  after  heating  to  at  least  160°  Fahr.*  The  carbonate 
of  lime  thus  precipitated  is  to  be  thrown  on  a  filter  and  well  washed 
with  distilled  water.  Thus  prepared,  the  carbonate  of  lime  is  a 
dense  powder  and  perfectly  pure,  or  if  it  contain  any  impurity  it 
will  be  a  trace  of  carbonate  of  baryta  or  strontia,  which  in  no  way 
interferes  with  its  use. 

Sal  amrmniac, — To  obtain  this  re-agent  in  the  most  convenient 
form  take  some  fragments  of  clean  sublimed  sal  ammoniac,  dissolve 
them  in  water  with  a  gentle  heat,  filter,  evaporate  the  filtrate  over 
a  steam-bath  or  a  sand-bath,  or  by  means  of  any  other  convenient 
gentle  heat,  and  as  the  crystals  deposit  themsefves  stir  the  solution 
to  keep  them  small ;  when  half  or  two  thirds  of  the  sal  ammoniac 
is  deposited  pour  off  the  liquid  without  waiting  for  it  to  cool,  throw 
on  a  cotton  filter,  and  dry  the  crystals  at  the  temperature  of  the 
atmosphere.  In  this  way  sal  ammoniac  is  obtained  that  can  be 
easily  pulverized. 

Vessel  for  the  decomposition. — The  ordinary  platinum  crucible 
can  be  used  for  this  purpose,  and  for  many  years  was  employed  by 
me.  It  was  found,  however,  that  while  it  is  the  best  hitherto  con- 
trived both  for  precision  and  ease,  there  was  yet  a  very  minute 
quantity  of  alkalies  lost  by  volatilization;  and  I  made  further 
researches  to  overcome  this  small  loss.  This  I  have  successfully 
accomplished,  and  for  some  time  I  have  used  an  improved  form  of 
crucible.  The  one  for  half  to  one  gramme  of  silicate  is  of  the  fol- 
lowing form  and  dimensions,  viz.,  an  elongated,  slightly  conical 
crucible  with  rounded  bottom  and  cover  (either  with  or  without  the 
central  wire  by  which  to  hold  it);  length,  ninety-five  millimetres; 
diameter  of  opening,  twenty-two  millimetres ;  diameter  of  smaller 
end  just  at  the  turn  of  the  bottom  sixteen  millimetres ;  weight 
about  thirty-five  to  forty  grammes.  These  are  now  made  by 
Messrs.  Johnson,  Matthey  &  Co.,  Hatton  Garden,  London,  to 
whom  I  have  furnished  all  the  necessary  directions.     This  shape  is 


*  This  precaution  must  not  be  overlooked,  as  it  is  desirable  to  obtain  the 
precipitated  carbonate  of  lime  a&  dense  as  possible.  If  the  carbonate  of  am- 
monia be  added  to  the  cold  solution,  the  precipitate,  at  first  gelatinous,  will 
ultimately  become  much  more  dense  and  settle  readily ;  the  same  is  true  if 
the  mixture  be  heated  after  the  addition  of  the  carbonate;  but  in  neither 
case  will  it  be  as  dense  as  when  the  carbonate  is  added  to  the  hot  solution  of 
chloride  of  calcium.  The  reaction  in  the  analysis  is  in  no  way  affected  by 
the  form  of  the  carbonate  of  lime ;  but  by  using  the  denser  form  the  mixture 
occupies  less  space  in  the  crucible. 
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given  it  in  order  that  the  portion  of  the  crucible  containing  the 
mixture  may  be  heated  strongly,  while  the  upper  portion  is  below  a 
red  heat. 

Manner  of  heating  the  crudUe. — The  ordinary  crucible,  if  used, 
may  be  heated  in  the  manner  commonly  employed  for  the  fusion  of 
silicates.  If  the  new  form  of  crucible,  however,  is  employed,  then 
the  upper  part  is  grasped  by  a  convenient  metallic  clamp  in  a 
slightly-inclined  position,  and  a  moderate  blast  from  the  table  blow- 
pipe made  to  play  upon  it  for  about  twenty-five  or  thirty  minutes ; 
but  as  gas  is  to  be  found  in  every  well-mounted  laboratory,  Bungen 
burners  of  all  dimensions  are  used,  and  when  properly  applied  can 
be  made  to  give  all  gradations  of  heat.  A  simple,  cheap,  and  con- 
venient furnace,  with  a  properly-arranged  draught,  can  be  made  to 
accomplish  all  fusions  of  silicates  without  the  aid  of  any  manual 
labor ;  and  I  therefore  employ  such  an  apparatus.  (A  description 
of  it  is  given  at  the  close  of  this  article.) 

Method  of  analysis. — We  have  now  the  pure  carbonate  of  lime, 
granular  sal  ammoniac,  and  the  proper  crucible.  The  silicate 
should  be  well  pulverized  in  an  agate  mortar,*  and  half  a  gramme 
or  one  gramme  of  it  is  taken.  The  former  amount  is  most  com- 
monly used,  it  being  sufficient  and  best  manipulated  in  the  crucible ; 
a  gramme,  however,  may  be  conveniently  employed.  The  weighed 
mineral  is  placed  in  a  large  agate  mortar,  or  better  in  a  glazed  por- 
celain mortar,  of  half  to  one  pint  capacity.  An  equal  quantity  of 
the  granular  sal  ammoniac  is  weighed  out  (a  centigramme  more  or 
less  is  of  no  consequence)  and  put  into  the  mortar  with  the  mineral, 
and  the  two  are  rubbed  together  intimately.  After  this  add  eight 
parts  of  the  carbonate  of  lime  in  three  or  four  portions,  and  mix 
intimately  after  each  addition.  Empty  the  contents  of  the  mortar 
completely  upon  a  piece  of  glazed  paper  that  ought  always  to'  be 
under  the  mortar,  and  introduce  into  the  crucible.  The  crucible 
is  now  tapped  gently  upon  the  table  and  the  contents  settled  down. 

The  crucible  is  then  clasped  by  a  metallic  clamp  in  an  inclined 

•While  in  all  mineral  analyses  thorough  pulverization  of  the  mineral  is 
usually  essential,  still  it  is  a  singular  fact  very  good  analyses  can  be  made 
with  this  method  even  when  the  powder  is  tolerably  coarse ;  and  in  some 
experiments  with  lepidolite  I  used  powder  of  which  much  of  it  was  in  par- 
ticles of  from  one  fortieth  to  one  thirtieth  of  an  inch,  and  obtained  excellent 
results.  Notwithstanding  this,  thorough  trituration  of  the  mineral  is  recom- 
mended. 
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position,  or  it  is  placed  in  the  upper  part  of  the  support  referred 
to  in  the  latter  part  of  this  article,  leaving  outside  about  three 
fourths  of  an  inch  or  one  inch.  By  means  of  a  small  Bunsen 
burner  the  heat  is  brought  to  bear  just  above  the  top  of ^ the  mixt- 
ure, and  gradually  carried  toward  the  lower  part,  until  the  sal 
ammoniac  is  completely  decomposed,  which  takes  about  five  minutes. 
Heat  is  then  applied  in  the  manner  suggested,  either  with  the  blast 
or  with  the  burner  referred  to,  acting  by  its  ow*n  draught,  and  the 
whole  kept  up  to  a  bright-red  heat  for  from  forty  to  sixty  minutes. 
It  is  well  to  avoid  too  intense  a  heat. 

The  crucible  is  now  allowed  to  cool,  when  the  contents  will  be 
found  to  be  more  or  less  agglomerated  in  the  form  of  a  semi-fused 
mass.  A  glass  rod  or  blunt  steel  point  will  most  commonly  detach 
the  mass,  which  is  then  dropped  into  a  platinum  or  porcelain  cap- 
sule of  about  one  hundred  and  fifty  centimetres  capacity,  and  sixty 
or  eighty  centimetres,  and  distilled  water  added.  Afler  some  time 
the  mass  will  slack  and  crumble  in  the  manner  of  lime.  Still 
better,  this  may  be  hastened  by  bringing  the  contents  of  the  capsule 
to  the  boiling-point  either  over  a  lamp  or  water-bath ;  at  the  same 
time  water  is  put  into  the  crucible  to  slack  out  any  small  particles 
that  may  adhere  to  it,  and  subsequently  this  is  added  to  that  in  the 
capsule,  toasliing  off  the  cover  of  the  crucible  also. 

After  the  mass  is  completely  slacked  the  analysis  may  be  pro- 
ceeded with.  As  a  general  thing,  I  prefer  to  allow  the  digestion  to 
continue  six  or  eight  hours,  though  this  is  not  necessary. 

If  the  contents  of  the  crucible  are  not  easily  detached,  do  not 
use  very  much  force,  as  the  crucible  may  be  injured  by  it ;  but  fill 
the  crucible  to  about  two  thirds  its  capacity  with  water,  bring  it 
almost  to  the  boiling  point,  and  lay  it  in  the  capsule  with  the  upper 
portion  resting  on  the  edge.  The  lime  will  slack  in  the  crucible, 
and  then  may  be  washed  thoroughly  into  the  dish ;  also,  as  before, 
the  cover  is  to  be  washed  off. 

We  have  now  by  this  treatment  with  water  the  excess  of 
lime  slacked  into  a  hydrate,  and  some  of  the  lime  combined  with 
the  silica  and  other  ingredients  of  the  silicate  in  an  impalpable 
form.  In  solution  there  is  an  excess  of  chloride  of  calcium  formed 
in  the  operation,  and  all  the  alkalies  originally  contained  in  the 
mineral,  as  chlorides.  All  that  now  remains  to  be  done  is  to  filter 
and  separate  the  lime  as  carbonate,  and  nothing  is  left  but  the 
chlorides  of  the  alkalies.     To  do  this  proceed  as  follows :  throw  the 
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contents  of  thq  capsule  on  a  filter,  the  best  size  of  which  for  the 
quantity  above  specified  is  one  three  to-three  and  a  half  inches  in 
diameter ;  wash  well,  to  do  which  requires  about  two  hundred  cen- 
timetres of  water ;  the  washing  is  executed  rapidly.  The  contents 
of  the  filter  (except  in  those  cases  where  the  amount  of  the  mineral 
is  very  small,  and  there  is  no  more  for  the  estimation  of  the  other 
constituents)  are  of  no  use,  unless  it  be  desired  to*heat  again  to  see 
if  any  alkali  still  remains  in  it. 

The  filtrate  contains  in  solution  all  the  alkalies  of  the  mineral, 
together  with  some  chloride  or  calcium  and  caustic  lime ;  to  this 
solution,  after  it  has  been  thrown  into  a  platinum  or  porcelain  cap- 
sule, is  added  a  solution  of  pure  carbonate  of  ammonia  (an  amount 
equal  to  about  one  and  a  half  grammes  is  required).  This  precip- 
itates all  the  lime  as  carbonate ;  it  is  not,  however,  filtered  imme- 
diately, but  is  evaporated  over  a  water-bath  to  about  forty  centi- 
metres, and  to  this  is  added  again  a  little  carbonate  of  ammonia 
and  a  few  drops  of  caustic  ammonia  to  precipitate  the  little  lime 
that  is  redissolved  by  the  action  of  the  sal  ammoniac  on  the  car- 
bonate of  lime;  filter  on  a  small  filter  (two-inch),  which  is  readily 
and  thoroughly  washed  with  but  little  water,  and  the  filtrate 
allowed  to  run  into  a  small  beaker.  In  this  filtrate  are  all  the 
alkalies,  as  chlorides,  and  a  little  sal  ammoniac.  Add  a  drop  of 
carbonate  of  ammonia  to  make  sure  that  no  lime  is  present. 
Evaporate  over  a  water-bath  in  a  tarred  platinum  dish,  in  which 
the  alkalies  are  to  be  weighed ;  the  capsule  used  is  about  sixty  cen- 
timetres' capacity,  and  during  the  evaporation  is  never  filled  to 
more  than  two  thirds  of  its  capacity. 

After  the  filtrate  has  been  evaporated  to  dryness  the  bottom  of 
the  dish  is  dried,  and  on  a  proper  support  heated  very  gently  by  a 
Bunsen  flame  to  drive  off  the  little  sal  ammoniac.  It  is  well  to 
cover  the  capsule  with  a  piece  of  thin  platinum  to  prevent  any  pos- 
sible loss  by  the  spirting  of  the  salt.  After  the  sal  ammoniac  has 
been  driven  off  by  gradually  increasing  the  heat  the  temperature 
of  the  dish  is  brought  up  to  a  point  a  little  below  redness,  the  cover 
being  off.  (The  cover  can  be  cleaned  from  any  sal  ammoniac  that 
may  have  condensed  upon  it  by  heating  it  over  the  lamp.)  The 
capsule  is  again  covered,  and  when  sufficiently  cooled,  and  before 
becoming  fully  cold,  is  placed  on  the  balance  and  weighed.  This 
weight  gives  as  chlorides  the  amount  of  alkalies  contained  in  the 
mineral. 
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If  the  chloride  of  lithia  be  present,  it  is  necessary  to  weigh 
rapidly,  for  this  salt,  being  very  deliquescent,  takes  moisture 
rapidly. 

It  not  unfrequently  happens  that  the  chlorides  at  the  end  of 
the  analysis  are  more  or  less  colored  with  a  small  amount  of  car- 
bon arising  from  certain  constituents  in  carbonate  of  ammonia; 
the  quantity  is  usually  very  minute,  and  in  no  way  affects  the  accu- 
racy of  the  analysis.  In  selecting  pure  carbonate  of  ammonia  for 
analytical  purposes  it  is  well  to  take  specimens  that  are  not  colored 
by  the  action  of  light. 

It  only  remains  now  to  separate  the  alkalies  by  the  known 
methods.  Under  this  head  I  have  made  several  observations  that 
at  some  future  time  may  be  published  as  soon  as  the  results  are 
sufficiently  definite. 

A  Special  Arrangement  for  Heating  the  Crucible  by  Gas. 

The  support  and  burner,  where  gas  is  to  be  had,  are  simple  in 
their  character,  and  have  been  contrived  after  a  great  variety  of 
experiments  with  gas  furnaces.  The  figure  here  given  illustrates 
the  stand,  burner,  crucible,  etc.,  and  is  about  one  sixth  the  natural 
size :*  h  IS  the  stand  with  its  rod  g;  d  is  2l  brass  clamp  with  two 
holes  at  right-angles  to  each  other,  having  two  binding  screws ;  it 
slides  on  the  rod^;  the  second  hole  is  for  a  round  arm  attached 
to  6,  the  binding-screw  e  fixing  it  in  any  position.  &  is  a  plate 
of  cast-iron  five  to  six  mm.  thick,  ten  to  eleven  cm.  long,  and  four 
and  one  half  cm.  broad,  having  a  hole  in  its  center  large  enough 
to  admit  the  crucible  to  within  about  fifteen  mm.  of  the  cover 
without  binding,  a  is  the  crucible  already  referred  to,  which  is 
made  to  incline  a  few  degrees  downward  by  turning  the  plate  of 
iron  that  supports  it.  c  is  a  chimney  of  sheet-iron,  eight  to  nine 
cm.  long,  ten  cm.  high,  the  width  at  the  bottom  being  about  four 
cm.  at  one  end  and  about  three  cm.  at  the  other  end.  It  is  made 
with  the  sides  straight  for  about  four  cm.,  then  inclines  toward  the 
top  so  as  to  leave  the  width  of  the  opening  at  the  top  about  one 
cm.  A  piece  is  cut  out  of  the  front  of  the  chimney  of  the  width 
of  the  diameter  of  the  hole  in  the  iron  suppport,  and  about  four  cm. 
in  length,  being  semi-circular  at  the  top,  fitting  over  the  platinum 


♦  This  apparatus  can  be  obtained  from  Johnson,  Matthey  &  Co.,  Hatton 
Garden,  London. 
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crucible.  Just  above  this  part  of  the  chimney  is  riveted  a  piece  of 
sheet-iron  in  the  form  of  a  flattened  hook  n,  which  holds  the  chim- 
ney in  place  by  being  slipped  over 
the  top  of  the  crucible  support ;  it 
serves  as  a  protection  to  the  cruci- 
ble against  the  cooling  of  the  cur- 
rents of  air.  /  is  the  burner,  which 
has  been  described  in  the  article  on 
flame-heat.  The  upper  opening  of 
it  is  a  slit  from  one  and  a  half  to 
two  mm.  in  width,  and  from  three 
and  a  fourth  to  four  and  a  half  cm. 
long,  and  when  used  is  brought 
within  about  two  cm.  of  the  lowest 
point  of  the  crucible,  the  end  of 
the  flame  just  playing  around  the 
lower  end  of  the  crucible ;  the  gas 
enters  the  lower  part  of  the  burner 
by  two  small  holes  of  one  sixteenth 
of  an  inch,  furnishing  at  one  inch 
pressure  about  five  and  a  half  cubic  feet  of  gas  per  hour;  the 
precaution  must  be  observed,  already  referred  to,  in  heating  the 
crucible  at  first  gently  above  the  mixture.  It  is  surprising  to 
see  the  effect  produced  by  this  simple  burner  as  here  used ;  eight 
grammes  of  precipitated  carbonate  of  lime  can  be  decomposed  to 
within  two  or  three  per  cent  in  one  hour,  and  when  mixed  with 
silica  or  a  silicate  in  a  very  much  shorter  space  of  time,  although 
in  my  analysis  I  employ  one  hour,  as  it  requires  no  attention  after 
the  operation  is  once  started.  This  form  of  furnace  and  crucible 
is  found  to  be  convenient  for  other  operations. 

Although  the  details  here  given  are  long,  the  time  occupied 
in  the  analysis  is  short,  and  the  necessary  precautions  are  of 
a  simple  character,  so  much  so  that  results  obtained  by  stu- 
dents in  beginning  chemical  analysis  have  been  found  by  me  far 
more  reliable  and  less  variable  upon  the  alkalies  of  the  silicates 
than  upon  any  of  the  other  constituents.  Good  alkali  determi- 
nations can  be  made  in  three  hours  or  less  from  the  commence- 
ment of  the  operation,  hastening  the  evaporation  by  more  direct 
application  of  the  heat,  which  of  course  requires  more  close 
watching. 
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It  is  a  common  practice  of  mine,  when  a  silicate  presents  itself 
of  which  there  are  no  physical  means  of  ascertaining  its  nature, 
to  make  at  once  an  alkali  determination,. which  not  unfrequentl^ 
indicates  immediately  what  it  is,  if  it  be  a  known  silicate  contain- 
ing an  alkali ;  and  if  an  unknown  compound,  the  analysis  made  is 
one  step  in  the  examination. 
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NOTES  ON  THE  CORUNDUM  OF  NORTH  CARO- 
LINA, GEORGIA,  AND  MONTANA, 

WITH  A  DESCKIPTION  OP  THE  GEM  VARIETY  OF  THE  CO- 
RUNDUM PROM  THESE  LOCALITIES. 


Amer.  Jour,  Sdence,  vi,  1873,  pp.  180-186 ;  Compt  Rend.,  Ixxvii, 
1873,  pp.  356-359,  439-442. 

The  corundum  formations  in  North  Carolina  and  Georgia  are 
the  second  in  importance  in  the  United  States  that  have  been 
brought  to  my  notice;  and  the  one  in  North  Carolina  is  by  far 
the  most  interesting  in  this  country,  and  perhaps  of  any  yet 
known,  in  the  extent  of  the  formation,  the  distribution  of  the 
corundum,  and  the  purity  of  the  mineral. 

This  mineral  was  first  discovered  in  North  Carolina  in  1846— 
about  the  time  I  was  engaged  in  developing  the  geology  of  emery 
in  Asia  Minor  and  the  Grecian  Archipelago ;  and  upon  communi- 
cating to  American  geologists  my  discoveries  in  relation  to  the 
associate  minerals  of  the  emery  in  Asia  Minor,  and  directing  them 
to  search  for  the  same  in  connection  with  the  corundum  found 
in  different  parts  of  America,  the  same  associates  were  discovered 
in  connection  with  the  North  Carolina  corundum,  as  well  as  that 
from  other  localities. 

At  this  time  there  had  been  discovered  but  one  detached  block, 
but  no  other  specimen  could  be  discovered  in  that  locality.  There 
the  matter  rested  until  1865,  when  C.  D.  Smith  (to  whom  I  am 
indebted  for  valuable  information  contained  in  this  paper),  assist- 
ant of  Prof.  Emmons,  geologist  of  North  Carolina,  had  brought  to 
him  by  one  of  the  inhabitants  of  the  country  west  of  the  Blue 
Ridge  Mountains  a  specimen  of  rock  which  was  recognized  as 
being  corundum,  and  on  visiting  the  spot  this  geologist  discov- 
ered the  corundum  in  situ,  and  a  number  of  specimens  were  col- 
lected.    Since  that  time  public  interest  has  increased  in  relation 

19 


Digitized  by 


Google 


290  CORUNDUM  OF  NORTH   CAROLINA,  ETC. 

to  this  substance,  and  it  has  been  discovered  in  sucb  quantities 
as  to  make  it  an  object  of  interest  to  the  arts  as  a  substitute  for 
emery,  and  very  rapidly  other  localities  were  brought  to  light 
along  a  distance  of  forty  miles. 

The  colors  of  the  corundum  as  found  along  this  zone  of  out- 
crops are  blue,  gray,  pink,  ruby,  and  white.  Sometimes  jt  has 
broad  cleavage  faces,  and  then  again  it  occurs  in  hexagonal 
prisms.  One  hexagonal  prism  weighed  over  three  hundred  pounds. 
There  is  a  difference  in  the  cleavage  and  the  associate  minerals 
at  different  localities. 

In  the  development  in  North  Carolina  the  corundum  occurs 
in  chrysolite  or  serpentine  rocks,  and  outside  of  serpentine  it  has 
not  been  found.  These  chrysolite  rocks  belong  to  a  regular  system 
of  dikes,  which  have  been  traversed  for  the  distance  of  about 
one  hundred  and  ninety  miles.  This  system  of  dikes  lies  on  the 
northwest  side  of  the  Blue  Kidge,  and  has  a  strike  parallel  to  the 
main  mass  of  the  ridge,  and  has  an  average  distance  from  the 
summit  of  the  ridge  of  about  ten  miles.  It  continues  this  strike 
to  the  head  of  the  Little  Tennessee  River,  say  from  Mitchell  to 
Macon  County,  one  hundred  and  thirty  miles.  Here  the  ridge 
curves  around  the  head  of  the  Tennessee  and  falls  back  about 
ten  miles  to  the  northwest.  In  conformity .  with  this  elbow  in 
the  ridge  the  disturbing  force  shifts  to  the  northwest  and  re-ap- 
pears at  Buck  Creek,  having  relative  position  to  the  Blue  Ridge. 

The  serpentine  appears  at  intervals  along  this  whole  line  of 
one  hundred  and  ninety  miles.  There  is  a  corresponding  system 
of  dikes  traversing  the  southern  slope  of  the  Blue  Ridge,  but 
not  so  regular  and  compact  as  the  system  on  this  northwest  side, 
nor  are  the  outcrops  so  frequent.  The  main  mass  of  the  ridge 
bears  no  evidence  of  having  been  disturbed  at  all,  at  least  none 
have  been  found.  From  Mitchell  County  to  Macon  the  serpen- 
tine is  usually  inclosed  in  a  hard  crystalline  gneiss  rock,  which 
bears  rose-colored  garnets,  kyanite,  and  pyrite.  After  its  shifting 
to  the  right  it  occurs  in  hornblendic  beds  and  gneiss.  At  Buck 
Creek,  and  thence  south  westward,  the  hornblende  beds  assume 
very  large  proportions,  and  instead  of  common  feldspar  have  in 
them  albite,  making  an  albitic  syenite.  At  Buck  Creek  (which  is 
named  Cullakenih)  the  chrysolite  covers  an  area  of  about  three 
hundred  and  fifty  acres.  One  or  two  observers  have  fallen  into 
the  error  of  confounding  the  two  dike  systems,  whereas  they  have 
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no  connection  whatever.  According  to  them  the  northern  system 
cuts  through  the  Blue  Ridge  at  right-angles  and  then  turns  back 
on  the  opposite  side  of  the  ridge. 

Now  there  is  no  such  phenomena  connected  with  these  outcrops. 
They  evidently  belong  to  separate  systems.  The  outcrops  along 
the  northern  system  occur  at  intervals  ranging  from  one  to  fifteen 
miles.  The  belt  or  zone  along  which  these  outcrops  occur  never 
exceeds  four  miles  in  width  on  the  northern  side  of  the  ridge.  On 
the  opposite  side  the  system  is  not  so  well  defined,  and  the  outcrops 
are  rarer. 

Upon  these  serpentine  beds  there  exists  chalcedony,  chromite 
on  some  of  them,  chlorite,  talc,  steatite,  anthophyllite,  tourmaline, 
emerylite,  epidote  on  some  of  them,  zoisite,  and  albite,  with  occa- 
sionally asbestos  and  picrolite,  as  also  actinolite  and  tremolite. 
The  corundum  at  some  places  seems  to  occur  mostly  in  ripidolite 
in  fissures  of  the  serpentine.  At  Cullakenih  the  corundum  with 
its  immediate  associates  is  in  chlorite,  except  the  red  variety,  which 
is  in  zoisite,  containing  a  minute  quantity  of  chrome. 

Througfiout  all  the  range  of  rocks  for  the  great  extent  referred 
to  corundum  forms  a  geognostic  mark  of  this  chrysolite  rock  just  as 
it  does  of  the  calcareous  rock  bearing  corundum  described  by  me 
in  Asia  Minor.  They  belong  to  the  same  geological  epoch,  and 
overlie  the  gneiss,  etc. 

The  closest  investigation  shows  that  the  chrysolite  in  North 
Carolina  takes  the  place  of  calc-rock  in  Asia  Minor ;  that  these  are 
invariably  the  gangue-rock  in  the  two  different  quarters  of  the 
globe ;  but,  as  remarked  above,  the  contiguous  rock  shows  them 
both  to  be  of  the  same  geological  period,  overlying  directly  the 
primary  rocks;  and  both  of  them  are  also  identical  geologically 
with  the  Chester  emery  formation  of  Massachusetts. 

While  all  the  localities  of  corundum  and  emery  I  have  ex- 
amined exhibit  certain  marked  and  prominent  characteristics  com- 
mon to  them  all,  and  evince  unmistakable  evidence  of  geological 
identity,  yet  each  locality  has  its  peculiar  characteristics.  In  all 
cases,  however,  the  masses  of  corundum  give  evidence  of  having 
been  formed  by  a  process  of  segregation,  as  described  in  my  mem- 
oir on  the  Asia  Minor  emery. 

In  Asia  Minor  the  Gumuch-dagh  emdry  has  but  little  black 
tourmaline  associated  with  it,  and  instead  chloritoid  in  crystals  or 
lamellse;  also  its  diaspore  is  rare,  but  when  found  is  prismatic, 
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affording  the  finest  perfect  crystak'yet  seen,  from  which  M.  Dufre- 
noy  made  his  last  study  of  the  crystallography  of  this  mineral ; 
and  the  emery  is  associated  with  calcareous  rock,  overlying  gneiss. 
The  Kulah  emery  from  the  same  part  of  the  world  is  equally  in 
calcareous  rock,  and  has  very  little  chloritoid  or  chloritic  mineral 
associated  with  it. 

The  NaxOs  and  Nicaria  emery  of  the  Oreeiqn  Archipelago  is  also 
in  connection  with  calcareous  rock,  but  has  no  chloritoid  associated 
with  it,  but  in  its  place  black  tourmaline  is  abundant. 

While  in  the  above  localities  the  rock  bearing  the  corundum  is 
calcareous,  that  in  CJiester,  Mass.,  is  in  talcose  slate,  and  saponite 
with  hornblendic  gneiss  immediately  on  one  side  of  the  vein,  and 
is  accompanied  with  a  large  amount  of  magnetic  oxide  of  iron. 
Tourmaline  also  abounds  in  this  corundum,  and  like  the  Asiatic 
variety  contains  rutile,  ilminite,  etc. 

In  the  localities  forming  the  subject  of  this  memoir  the  follow- 
ing minerals  are  deserving  special  notice. 

Corundum.  * 

This  mineral  occurs  in  finer  and  more  beautiful  variety  than  in 
any  yet  known  locality.  The  masses  in  many  instances  are  very 
lar^e,  weighing  six  to  eight  hundred  pounds,  having  fine  large 
cleavages,  and  are  remarkably  free  from  foreign  ingredients.  The 
crystals  are  also  fine,  and  in  some  instances  of  great  size  and 
beauty.  Two  of  them  discovered  by  M.  Jenks,  and  now  in  the 
possession  of  Prof  Shepard,  have  been  described  by  him.  They 
are  resi>ectively  three  hundred  and  twelve  and  eleven  and  three 
fourths  pounds  in  weight.  The  largest  is  red  at  the  surface,  but 
within  of  a  bluish-gray.  The  general  figure  is  pyramidal,  show- 
ing, however,  more  than  a  single  six-sided  pyramid,  whose  summit 
is  terminated  by  rather  an  uneven  and  somewhat  undefined  hexag- 
onal plane.  The  smaller  crystal  is  a  regular  hexagonal  prism,  well 
terminated  at  one  of  its  extremities,  the  other  being  drusy  and  in- 
complete. The  general  color  of  this  crystal  is  a  grayish-blue, 
though  there  are  spots,  particularly  near  the  angles,  where  it  is  of 
a  pale  sapphire  tint.  Its  greatest  breadth  is  six  inches,  and  its 
length  over  five.  Some  of  the  lateral  planes  are  coated  in  patches 
with  a  white  pearly  margarite. 

The  smaller  crystals  are  often  transparent  at  their  extremities. 
It  is,  however,  in  color  that  the  corundum  of  this  locality  excels. 
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It  is  gray,  green,  rose-color,  ruby-red,  emerald-green,  sapphire- 
blue,  and  all  interjnediate  shades  to  colorless.  Many  pieces  of  the 
blue  and  red  have  been  cut  and  polished,  presenting  very  good 
characters  as  gems,  without  being  of  the  finest  quality. 

DiAflPORE. 

While  this  mineral  is  found  so  abundantly  with  the  corundum 
of  Chester,  Mass.,  I  have  not  been  able  to  find  it  associated  with 
these  localities.  Several  specimens  of  supposed  diaspore  have  been 
submitted  to  me,  but  on  close  examination  it  was  found  to  be  color- 
less kyanite. 

Chlorite. 

This  mineral  abounds  in  this  locality,  and,  as  has  been  stated, 
is  the  gangue-rock  of  the  corundum ;  it  not  only  surrounds  the 
corundum,  but  permeates  it.  There  are  several  varieties,  varying 
in  color  from  a  yellowish-green  to  a  dark-green,  and  differing  a 
little  in  composition.  Two  specimens  from  the  same  locality  were 
composed  as  follows : 

Large  plates.  Friable. 

Silica 27.00  29.16 

Alumina 21.60  10.60 

Oxide  of  iron 16.63  23.60 

Magnesia 22.00  26.44 

Water 12.30  10.04 

Margartte  (Emerylite). 

This  curious  mica— curious  so  &r  as  that  since  my  first  pointing 
it  out  as  a  characteristic  of  the  emery  formation  in  Asia  Minor  and 
the  Grecian  Archipelago — has  been  found  wherever  corundum  is, 
and  in  the  case  of  Chester  emery  was  the  means  of  leading  to  its 
discovery.  At  the  present  localities  it  is  abundant  and  mixed  with 
the  rocks  and  the  associate  minerals  of  this  locality.  Chemical 
analysis  was  made  of  the  specimen  with  the  following  result : 

Silica 82.41 

Alumina 61.81 

Lime 10.98 

Soda 2.43 

Water   2.13 

ZOISITE. 

Tliis  mineral  occurs  in  two  forms — a  black  variety  and  a  light- 
green  variety.     These  minerals  have  been  called  by  some  arfverd- 
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sonite,  but  neither  of  them  have  the  composition  of  that  mineral. 
Their  compositions  were  as  follows:  Green  variety  is  of  a  very 
pale  chrome-green,  containing  and  compared  with  that  from  Lake 
Geneva 

Light-green.      Lake  Geneva.    Black  yariety. 

Silica 46.70  48.59  45.90 

Alumina 24.01  27.72  13.84 

Peroxide  of  iron 4.56  2.61  11.46 

Lime 13.*44  21.00  12.20 

Magnesia 8.08  2.40  12.58 

Soda 2.91  8.08  8.39 

Water 60  ....  .66 

Oxide  of  chrome. 52  ....  .... 

Andesite. 

This  mineral  occurs  mostly  in  a  granular  form.  Its  composi- 
tion is 

Silica 64.12 

Alumina 24.20 

Soda 9.28 

Lime 2.80 

Oxide  of  iron 14 

The  other  minerals  associated  with  this  emery  formation  are 
magnetic  oxide  of  iron,  chrome  iron,  rutile,  asbestos,  talc,  actin- 
olite,  black  tourmaline,  chalcedony,  anthophyllite,  spinel,  albite, 
and  picrolite. 

On  the  existence  op  the  Ruby  and  Sapphire  in  North  Car- 
olina. AND  Montana  Territory. 

The  corundum  locality  that  I  have  described  in  North  Carolina 
furnishes  masses  of  corundum,  from  which  small  pieces  can  be  de- 
tached of  good  blue  or  of  ruby  color,  perfectly  transparent,  and 
nearly  free  from  flaws.  When  cut  and  polished  they  are  gems  of 
no  mean  value.  I  have  not  seen  the  most  perfect  of  them  that 
have  been  cut,  but  I  have  some  polished  specimens  of  fine  color 
but  with  many  flaws. 

The  question  naturally  arises,  what  may  be  the  prospects  of 
obtaining  the  gem  from  that  locality  in  sufficient  quantity  to 
warrant  exploration  ?  Up  to  the  present  time  its  occurrence  is  so 
diflbrent  from  those  in  known  localities  in  the  East  Indies  that  we 
are  rather  inclined  to  the  opinion  that  it  will  only  be  occasionally 
that  pieces  of  corundum  will  be  found  of  sufficient  purity  and 
beauty  to  be  of  much  value  as  gems;  for  it  is  well  known  that 
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very  small  defects,  if  they  do  not  destroy  altogether  the  value  of 
the  gem,  depreciate  its  value  to  a  very  great  extent. 

About  a  year  ago  a  quantity  of  rolled  pebbles  were  sent  to  me 
from  the  territory  of  Montana,  which  upon  examination  I  found  to 
consist  principally  of  corundum ;  they  were  like  the  rolled  pebbles 
from  the  ruby  localities  in  the  East  Indies,  each  one  being  a  little 
crystal  in  itself,  more  or  less  abraded  on  the  angles,  and  being  of  a 
compact,  uniform  structure.  They  were  flattened  hexagonal  prisms 
with  worn  edges.  They  were  either  colorless  or  green,  varying  in 
shade  from  a  light  to  a  dark-green;  some  were  bluish-green,  and 
there  were  not  any  red  ones  among  them;  there  were  some  red 
pebbles,  but  on  examination  they  proved  to  be  spinel. 

These  pebbles  are  found  on  the  Missouri  River  near  its  source, 
about  one  hundred  and  sixty  miles  above  Benton  ;  they  are  obtained 
from  bars  on  the  river,  of  which  there  are  some  four  or  five  within 
a  few  miles  of  each  other.  In  the  mining  region  of  this  territory 
on  these  bars  considerable  gold  is  found,  being  brought  down  the 
river  and  lodged  there,  and  are  now  being  worked  for  the  gold. 
The  stones  are  found  scattered  through  the  gravel  (which  is  about 
five  feet  deep),  and  upon  the  bed-rock  in  some  of  the  claims  they  are 
abundant  and  in  others  scarce.  Occasionally  they  are  found  in  the 
gravel  and  upon  the  bed-rock  in  the  gulches  from  forty  to  sixty  feet 
below  the  surface,  but  they  are  very  rare  in  these  localities.  The 
greatest  quantity  of  them  are  found  upon  the  Eldorado  bar  situated 
on  the  Missouri  River  about  sixteen  miles  from  Helena ;  one  man 
could  collect  on  this  bar  from  one  to  two  pounds  per  day. 

I  have  had  some  of  the  stones  cut,  and  among  them  one  very 
perfect  stone  of  three  and  a  half  carats,  and  of  good  green  color, 
almost  equal  to  the  best  oriental  emerald. 

My  opinion  is  that  this  locality  is  far  more  reliable  to  look  for 
the  gem  variety  of  corundum  than  any  other  in  the  United  States 
I  have  yet  examined. 
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CONVERSION  OF  THE  SULPHATES  OF  THE 
ALKALIES 

INTO  THE  CAEBONATES,  TAKTRATES,  Etc.,  IN  THE  MOIST 

WAY. 


American  Chemist^  iii,  1873,  p.  241 ;    Chem.  News,  xxvii,  1873,  p.  316. 

H&Ying  had  occasion  more  than  once  to  convert  small  quan- 
tities of  the  sulphates  of  the  alkalies  into  carbonates,  I  have  for 
several  years  employed  a  process  that  has  been  found  both  certain 
and  convenient;  in  some  recent  investigations  it  has  been  used, 
and  as  it  has  never  been  described  it  may  not  be  unimportant  to 
explain  the  nature  of  the  process  and  its  results.  The  agent  used 
to  produce  the  conversion  is  carbonate  of  baryta,  made  by  precip- 
itation; where  precise  results  are  required  the  carbonate  should 
be  prepared  by  carbonate  of  ammonia.  The  manner  of  producing 
the  decomposition  is  as  follows :  Dissolve  the  sulphate  of  potash 
in  water,  using  about  twenty  or  thirty  grammes  of  water  to  every 
gramme  of  the  sulphate,  and  saturate  the  solution  with  carbonic 
acid  by  passing  a  current  of  carbonic  acid  into  it;  or  what  is 
better,  dissolve  in  the  beginning  the  sulphate  in  water  already 
saturated  with  carbonic  acid ;  now  add  to  this  solution  precipitated 
carbonate  of  baryta,  in  the  proportion  of  about  one  and  a  half 
of  the  carbonate  to  one  part  of  the  sulphate.  It  is  always  best 
in  adding  the  carbonate  to  rub  it  up  in  a  mortar  with  a  little 
water,  so  as  to  form  a  thick  cream,  for  by  so  doing  it  mixes  well 
in  the  solution. 

This  operation  is  performed  in  a  bottle  that  can  be  well  corked 
with  a  cork  or  gum  stopper;  now  agitate  the  bottle  frequently, 
or,  what  is  still  better,  attach  it  to  a  piece  of  machinery  that 
will  agitate  the  bottle.  Many  laboratories  have  such,  and  it  is 
a  very  useful  one  in  many  experiments.  In  a  longer  or  shorter 
space  of  time  the  decomposition  will  be  completed;    pour  the 


Digitized  by 


Google 


CONVEESION  OP  THE  SULPHATES  OF  THE  AIJLA.LIES.  297 

solution  into  a  capsule  and  heat  to  the  boiling-point;  the  solution 
will  then  contain  only  carbonate  of  potash. 

The  reaction  is  readily  understood;  the  carbonic  acid  in  the 
water  dissolves  a  little  carbonate  of  baryta,  which  is  immediately 
precipitated  in  the  form  of  sulphate,  carrying  down  a  portion  of 
the  sulphuric  acid  of  the  soluble  sulphate,  and  replacing  the  same 
with  carbonic  acid;  this  is  rapidly  repeated  through  the  agency 
of  the  free  carbonic  acid,  until  the  decomposition  of  the  sulphate 
is  complete. 

Among  many  experimental  results  I  will  give  the  following: 
Five  grammes  of  the  sulphate  of  potash  dissolved  in  carbonic- 
acid  water,  to  which  was  added  seven  grammes  of  precipitated 
carbonate  of  baryta,  after  four  and  a  half  hours'  shaking  (being 
attached  to  a  suitable  piece  of  machinery),  on  testing  showed  not 
a  trace  of  sulphuric  acid,  care  being  taken  to  wipe  the  neck  of 
the  bottle  near  the  end  of  the  stopper  before  pouring  out  the 
liquid. 

Other  experiments,  varyingin  proportion,  gave  similar  results. 
I  tried  to  substitute  the  natural  for  the  precipitated  carbonate  of 
baryta,  but  with  very  unsatisfactory  results. 

Directions  por  Conversion  op  the  Alkaline  Sulphates  into 
Tartrates,  Oxalates,  etc. 

As  the  tartrates  and  oxalates  of  baryta  are  but  very  slightly 
soluble  in  water,  we  can  not  form  the  alkaline  salts  of  these  acids 
by  direct  double  decomposition  of  the  sulphates  of  the  alkalies 
and  the  tartrate,  etc.,  of  baryta,  as  in  forming  the  alkaline  chlo- 
rides from  the  sulphates;  but  it  is  easily  done  by  the  following 
indirect  process  : 

Add  to  the  alkaline  sulphates  in  solution,  in  a  porcelain  cap- 
sule, carbonate  of  baryta  rubbed  up  into  a  thick  cream  in  the 
proportion  of  about  five  of  the  sulphate  to  seven  of  the  carbon- 
ate of  baryta,  heat  the  mass  and  add  little  by  little  the  requisite 
quantity  of  tartaric  or  oxalic  acid;  solution  of  the  baryta  and 
precipitation  of  the  sulphuric  acid  take  place  rapidly,  and  the 
decomposition  is  soon  completed. 

I  have  used  this  process  in  forming  the  bitartrates  in  the  pro- 
cess of  separating  potassium,  rubidium,  and  caesium,  that  were 
in  the  form  of  sulphates. 
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The  carbonates  qf  (he  aUcaUes  can  also  be  formed  by  first  forming 
those  organic  salts  from  the  sulphates,  evaporating  the  solution 
to  dryness  and  burning  the  residue ;  in  fact,  I  frequently  find  it 
more  convenient  to  convert  the  sulphates  of  the  alkalies  into  their 
carbonates  by  this  last  instead  of  the  first  process.  And  finally 
I  would  remark  that  where  magnesia  is  present  with  the  sulphates 
this  is  also  separated  from  the  alkalies. 
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ANALYSIS. 


American  Chemist,  iii,  1873,  p.  201. 

About  twenty  years  ago,  in  a  publication  made  upon  the  anal- 
ysis of  the  natural  silicates,  I  gave  the  details  of  some  interesting 
experiments  made  upon  the  removal  of  sal  ammoniac,  which  so 
commonly  accumulates  in  these  analyses. 

The  method  of  accomplishing  the  removal  of  this  salt,  being 
embodied  in  a  lengthy  paper  embracing  many  other  and  more  im- 
portant points,  has  been  to  a  great  extent  overlooked  by  analytical 
chemists.  I  have  been  frequently  asked  for  details  in  connection 
with  the  removal  of  this  salt,  and  some  recent  investigations  have 
given  me  renewed  appreciation  of  the  invaluable  nature  of  the 
process,  where  very  large  quantities  of  sal  ammoniac  had  accu- 
mulated and  remained  associated  with  a  very  minute  quantity  of 
material  that  formed  the  subject  of  research. 

It  may  be  of  interest  to  bring  this  process  more  clearly  to  the 
attention  of  chemists.  The  manner  of  proceeding  is  as  follows : 
The  solution  containing  the  sal  ammoniac  is  concentrated  in  a  cap- 
sule, best  over  a  water-bath  or  in  a  glass  flask ;  pure  nitric  acid  is 
added,  about  three  grammes  of  it  to  every  gramme  of  sal  ammo- 
niac supposed  to  exist  in  the  liquid ;  a  little  habit  will  suffice  to 
guide  one  in  adding  the  nitric  acid,  as  even  a  large  excess  has  no 
effect  on.  the  accuracy  of  the  analysis. 

The  flask  or  capsule  is  now  warmed  very  gently,  and  before  it 
reaches  the  boiling-point  of  water  a  gaseous  decomposition  will 
take  place  with  great  rapidity.  This  is  caused  by  the  decomposi- 
tion of  the  sal  ammoniac.  It  is  no  advantage  to  push  the  decom- 
position with  too  great  rapidity ;  a  moderately  warm  place  on  the 
sand-bath  is  well  adapted  for  this  purpose.  I,  however,  prefer  a 
porcelain  capsule  of  about  three  and  a  half  to  four  inches  diameter 
(in  the  ordinary  operations  in  mineral  analysis),  inverting  a  clean 
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funnel  of  smaller  diameter  over  it,  and  evaporating  to  dryness 
over  the  water-bath ;  at  the  end  of  the  operation  the  heat  can  be 
increased  to  four  or  five  hundred  degrees. 

By  this  operation,  which  requires  no  superintendence,  one  hun- 
dred grammes  of  sal  ammoniac  may  be  separated  as  easily  and 
safely  as  one  gramme  from  five  milligrammes  of  alkalies,  and  no 
loss  of  the  latter  be  experienced. 

The  following  are  some  experiments  made  with  given  quanti- 
ties of  sal  ammoniac  and  nitric  acid,  heated  thus  in  a  capsule  over 
a  water-bath : 

Nitric  Acid.  Sal  Ammoniac. 

5  grammes  of  sal  ammoniac ...     5  c.  cent.  left.  3.190  grammes. 

5  "  "  "  . . .     7        "        "  2.610        ** 

6  "            "             "          ...   10        "        "  .790         " 
5        "            "             "          ...   13        "        **  .010         " 

The  decomposition  commences  before  the  temperature  reaches 
140°  Fahr.  The  results  of  the  decomposition  were  fully  explained 
in  a  note  to  an  article  of  mine  published  in  the  American  Journal 
of  Science  and  Arts,  March,  1853.  It  results  principally  in  the 
formation  of  protoxide  of  nitrogen  and  chlorine,  the  former  con- 
stituting over  seven  eighths  of  the  gas  formed. 
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Amer.  Journ,  Scienee,  viii,  1874,  pp.  432-434 ;  Annal,  de  Chim,,  iii, 
1874,  pp.  425-427;  Qmpt.  Rend.,  Ixxix,  1874,  pp.  696-697. 

It  is  several  years  since  Professor  Brush  and  myself,  while 
engaged  in  the  re-examination  of  American  minerals,  pointed 
out  the  mineral  warwickite  as  possessing  a  peculiar  composition, 
altogether  different  from  what  it  had  been  supposed  to  have.  ' 

The  mineral  was  first  described  as  a  new  species  by  Professor 
Shepard  in  1838  (Am.  Journ.  Sci.,  vol.  xxxiv),  and  again  more 
fully  in  1839  (ibid,  vol.  xxxvi,  p.  313).  In  both  of  these  descrip- 
tions, however,  he  confounded  two  very  distinct  substances,  viz., 
the  mineral  proper  and  an  impure  variety  of  it,  which,  while  pos- 
sessing the  general  crystallographic  form,  contained  but  a  small 
portion  of  the  true  warwickite ;  in  fact,  this  impure  variety  bears 
about  the  same  relation  to  the  true  mineral  as  the  siliceous  lime 
crystals,  known  as  Fontainbleau  limestone,  does  to  calcite.  The 
pure  variety  occurs  in  small  slender  crystals  detached  with  difficulty 
from  the  gangue ;  this  form  was  not  analyzed  by  Professor  Shepard, 
for  he  says  that  one  of  the  crystals  that  furnished  material  for  his 
examination  was  five  centimetres  long  by  one  centimetre  across,  and 
had  no  metallic  luster,  which  luster  really  marks  the  true  war- 
wickite, especially  on  the  cleavage  surfaces. 

The  result  of  Professor  Shepard*s  analyses  were  so  different 
from  what  I  have  found  either  in  the  pure  or  impure  varieties  that 
it  is  needless  to  give  them  here. 

Subsequently  this  mineral  was  taken  up  by  Professor  T.  S. 
Hunt,  and  from  his  results  he  supposed  that  he  had  discovered  a 
new  mineral,  which  he  called  enceladite.  But  Professor  Hunt  fell 
into  the  same  error  as  Professor  Shepard  from  examining  an  impure 
mineral,  finding  as  much  as  18  per  cent  of  silica,  14  of  alumina  and 
7  of  water.  Subsequently  Professor  Hunt  examined  a  purer  speci- 
men and  gave  as  its  composition : 
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Titanic  acid* 31.5 

Magnesia 43.6 

Peroxide  of  iron 8.1 

Loss  by  ignition 2.0 

His  analysis  showed  a  loss  of  nearly  20  per  cent,  which  he  thought 
had  occurred  by  an  accident  to  the  sand-bath  during  the  analysis ; 
and  not  having  any  more  of  the  material,  he  was  unable  to  verify 
his  results. 

It  was  just  here  that  the  re-examination  of  this  mineral  was 
taken  up,  which  soon  made  it  evident  that  the  pure  mineral  had 
never  yet  been  analyzed.  The  utmost  care  was  taken  in  selecting 
the  best  specimens  of  the  rock  containing  the  mineral,  and  then  by 
mechanical  and  chemical  means,  in  separating  the  mineral  from 
the  rock ;  then  again  in  crushing  up  the  small  crystals  and  select- 
ing out  the  pure  little  fragments  under  a  strong  glass,  the  pieces 
usually  not  being  more  than  a  millimetre  in  size ;  and  thus  nearly 
as  much  time  was  consumed  in  selecting  and  purifying  the  mineral 
as  in  analyzing  it,  although  the  latter  was  slow  work. 

When  pure  warwickite  was  examined,  it  was  found  that  one  of 
its  most  important  constituents  had  been  overlooked.  But  so  little 
of  the  pure  mineral  was  then  at  our  disposal,  and  so  diflficult  was  it 
to  separate  it  from  the  associated  minerals,  that  all  that  could  be 
arrived  at,  at  that  time,  was  the  discovery  of  over  20  per  cent  of 
boracic  acid,  and  the  establishment  of  the  fact  that  w^arwickite  was 
essentially  a  borotitanate  of  magnesia  and  iron  (Am.  Joum.  Sci. , 
II,  xvi,  293). 

Since  obtaining  the  above  results,  I  have  procured  a  number  of 
pieces  of  the  rock  containing  the  small  crystals,  and  separated  suf- 
ficient for  analyses  in  a  nearly  pure  state ;  although,  from  the  fact 
that  almost  microscopic  crystals  penetrate  the  crystals  of  warwick- 
ite, it  is  impossible  to  separate  the  last  traces  of  spinel.  When  the 
mineral  is  powdered  in  the  mortar  the  small  particles  of  spinel  will 
be  felt,  and  with  a  magnifying  glass  can  be  discovered.  Notwith- 
standing these  difficulties,  I  am  satisfied  that  I  have  made  out  its 
composition.  Its  physical  characters  have  been  pretty  well*  de- 
scribed in  works  on  Mineralogy.  Its  specific  gravity  as  made 
out  by  me  is  3.362;  by  Brush,  3.351  small  crystals,  3.423  large 
crystals ;  and  by  Damour,  3.355.  The  luster  of  the  cleavage  sur- 
face is  very  bright  and  characteristic,  being  of  a  dark  hair-brown 
or  chocolate  color.  It  is  very  readily  cleaved  in  the  direction  of 
the  prism. 
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The  results  or  my  analysis  are  as  follows: 

Oxygen.       Ratio. 

Boracic  acid 27.80  19.06  9 

Titanic  acid 23.82  10.87  5 

Magnesia 86.80  14.46  6 

Oxide  of  iron 7.02  2.10  1 

Silica 1.00 

Alumina 2.21=98.65 

The  silica  and  alumina  were  impurities,  the  alumina  arising 
from  spinel  that  it  had  been  impossible  to  separate,  and  which  was 
combined  with  a  little  of  the  magnesia;  and  these  have  been 
deducted  in  making  out  the  oxygen  ratio.  Moreover,  the  titanic 
acid  obtained  in  the  analysis  retained  a  minute  quantity  of  oxide  of 
iron.  After  a  most  careful  study  of  the  composition  as  made  out 
by  the  above  analysis,  confirmed  by  several  other  partial  analyses, 
I  feel  warranted  in  giving  the  following  as  the  true  composition  of 

Warwick  ite : 

Per  cent 
3S      =     105.  30.67 

2ti     =      81.  28.58 

6%  =     121.44  35.36 

li^e    ==       36.  10.49 

343.44  100.00 

The  exact  formula  by  which  to  express  this  mineral  is  not  easily 
given,  as  we  know  nothing  of  compounds  containing  boracic  and 
titanic  acid  associated  together;  the  expression  I  am  disposed  to 
adopt  is  Mgsfia  +  (^fg,^e)Ti^ 

I  would  remark  that,  at  the  same  locality  from  which  the  war- 
wickite  comes,  there  occurs  a  titaniferous  spinel  containing  about 
15  per  centf  of  magnesia,  as  analyzed  by  Eammelsberg,  and  would 
have  for  its  formula  Mgifi  +  i'eTi. 

Warwickite  is  the  only  borotitanate  thus  far  made  known. 

I  am  indebted  to  M.  Des  Cloiseaux  for  the  following  crystal- 
lographic  account  of  warwickite.  The  prisms  never  are  well 
terminated :  they  are  either  orthorhombic  or  clinorhombic.  The 
forms  that  Des  Cloiseaux  has  observed  are  h^m  g^'g'^  and  h^h^'m  g^g\ 
The  angles  measured  by  him  are:  /i'^'=162°  5';  ^'m=135°  40'; 
hY  (over  m)  =109°,  hy^QO''  20'-90°  30',  my^=134°  20'-134°35', 
gY  (adjacent)=161°  20'-161**  25',  g'K"  (over  m)=108  40'.  From 
these,  M.  Das  Cloiseaux  calculates  wim=91'^  20'  and  88°  40',  hV= 
161°  58',  /i'm=135°  40',  Ay=108°  30',  /iy=90°,  mg'=lS4°  80', 
^y=161°  10',  ^V=108°  2'. 
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IDOCRASE  AND  DATOLITE. 


Am&r.  Jour.  Sdmce,  viii,  1874,  pp.  434-436 ;  Annd.  de  Oiim.,  iii, 
1874,  pp.  428-430 ;  Compt.  Rend.,  Ixxix,  1874,  pp.  813-814. 

Specimens  of  a  rock  were  sent  to  me  some  time  since  from 
Santa  Clara  in  California,  which  were  found  to  be  composed  of 
four  minerals  associated  together,  viz.,  calcite,  which  represented 
the  rock  of  the  country  from  whence  it  came,  and  datolite,  garnet 
and  idocrase.  The  datolite  is  colorless  and  crystalline>  without, 
however,  presenting  any  crystals ;  specific. gravity  2.988.  It  is  per- 
fectly pure,  as  shown  by  the  following  analysis  of  a  portion  from 
which  the  calcite  was  carefully  separated : 

Silica    38.02 

Boracic  acid   21.62 

Lime 33.87 

Water 6.61  , 

99.12 
The  association  of  this  mineral  with  garnet  and  idocrase  is,  I  believe, 
now  mentioned  for  the  first  time. 

The  garnet  is  the  variety  cinnamon  stone ;  the  crystals  are  very 
large  and  perfect  dodecahedrons,  some  of  them  being  three  or  four 
centimetres  across.  They  have  a  greenish  color'over  the  exterior, 
and  are  cinnamon-colored  within  or  through  the  mass  of  the  crys- 
tals; specific  gravity  3.59.  An  analysis  of  the  mineral  furnished 
the  following  results : 


Silica 42.01 

Alumina   17.76 

Sesquioxide  of  iron 5.06 

Oxide  of  manganese 20 

Lime 35.01 

Magnesia 13 


100.17    . 
The  idocrase  occurs  in  compact  fibrous  crystals  of  a  green  color, 
the  crystals  themselves  not  being  sufficiently  distinct  to  exhibit  the 
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true  crystalline  form.  What  is  most  singular,  the  idocrase  pene- 
trates and  permeates  the  crystals  of  garnet,  losing  itself  as  it  were 
in  the  garnet;  passing  off  by  such  insensible  shades  that  it  is 
impossible  to  say  where  the  idocrase  terminates  and  the  garnet 
begins.  A  large  crystal  of  garnet,  when  cut  in  two  and  polished, 
shows  the  idocrase  penetrating  it,  like  so  many  green  streamlets 
through  the  interior.  Its  specific  gravity  is  3.445.  A  portion 
carefully  separated  from  the  garnet  gave  the  following  results : 

Silica 86.56 

Alumina 17.04 

Sesquioxide  of  iron 6.93 

Oxide  of  manganese 18 

Lime    36.94 

Magnesia    1.07 

Potash 51 

Loss  by  heat 2.00 

99.23 
I  know  of  no  locality  where  the  above  minerals  are  associated  in 
the  manner  described.  The  fact  respecting  the  garnet  and  idocrase 
is  especially  interesting ;  for  while  we  find  these  minerals  frequently 
associated,  we  have  nowhere  else  found  the  crystals  of  the  two 
penetrating  and  interlacing  each  other,  so  as  to  form  between  them 
a  uniform  mass,  yet  each  mineral  retaining  its  identity. 

It  can  be  readily  understood  how  two  such  minerals  as  lime, 
garnet,  and  idocrase  may  occur  in  the  manner  just  mentioned,  when 
we  consider  the  formula)  of  the  two : 

Garnet,  (iJt34.jfi)2gi3  Idocrase,  (f&3+|fi)"Si3 

20 
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PREPARATION  OF  PURE  CARBONATE  OF  SODA, 

PURE  CARBONATE  OF  POTASH,  AND 

ABSOLUTE  ALCOHOL. 


American  Chemist^  v,  1874,  pp.  119,  120;  Amer,  Atioc.  Proc.y  1874, 
pp.  109-113. 

From  long  experience  I, have  found  it  vain  to  rely  upon  manu- 
facturers of  chemicals  for  re-agents  of  that  exceeding  purity  which 
all  analytical  chemists  often  require  for  conducting  their  researches, 
and  it  has  been  my  habit,  through  a  long  experience  in  analytical 
chemistry,  to  prepare  with  my  own  hands  certain  of  the  chemicals 
used  by  me ;  and  while  many  of  the  processes  of  preparing  them 
embrace  nothing  specially  novel,  still  my  experience  in  making 
them  has  been  of  certain  importance  to  others,  and  from  time  to 
time  I  will  take  opportunities  to  give  more  general  information 
of  these  methods,  which  may  possibly  be  of  service  to  some,  espe- 
cially as,  w^hile  seeking  first  for  purity,  I  have  been  obliged  to  econ- 
omize time  by  the  least  amount  of  manipulation. 

Pure  Carbonate  op  Soda. 

For  many  years  all  the  carbonate  of  soda  used  by  me  in  min- 
eral analysis  has  been  prepared  in  the  following  method,  viz.,  by 
making  oxalate  of  soda  and  then  decomposing  it  by  heat.  It  can 
be  described  in  the  shortest  possible  manner  by  giving  the  figures 
and  method  employed  for  obtaining  a  given  result.  The  carbon- 
ate of  soda  commonly  used  has  been  the  crystals  of  ordinary  sal 
soda,  washed  with  a  little  water  to  detach  the  adhering  dust,  or  if 
one  has  pure  soda  at  his  command  it  can  be  used  to  advantage. 
The  oxalic  acid  used  is  the  ordinary  oxalic  acid  of  the  shops  once 
recrystallized,  of  which  recrystallized  acid  I  always  have  a  supply 
of  several  pounds  in  my  laboratory.  63  grammes  of  oxalic  acid 
and  143  grammes  of  sal  soda  are  dissolved  by  heat  in  200  cubic 
centimetres  of  distilled  water;  filter  the  solutions  if  necessary;  to 
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the  solution  of  soda,  when  cold,  add  the  solution  of  oxalic  acid, 
just  hot  enough  to  keep  from  crystallizing ;  add  it  by  degrees,  stir- 
ring well;  after  the  mixture  is  completed  it  is  expected  that  the 
solution  will  have  an  alkaline  reaction,  to  keep  any  trace  of  soda 
in  solution ;  the  oxalate  of  soda  will  be  precipitated  in  great  part 
shortly  afler  the  operation  is  completed ;  let  stand  for  a  short  while 
to  cool  completely,  decant  the  supernatant  liquid,  add  a  little  dis- 
tilled water,  break  up  with  a  stirrer  the  lumps  of  crystals  that 
may  have  formed,  throw  on  a  filter  over  a  Bunsen  aspirator,  using 
a  six-inch  filter,  wash  with  about  a  half  litre  of  distilled  water,  and 
let  dry.  This  may  be  placed  aside  in  a  glass  bottle  if  not  needed 
at  once  for  forming  carbonate  of  soda ;  the  quantity  of  dry  oxalate 
produced  is  30  grammes.  To  convert  into  carbonate  project  the 
oxalate  little  by  little  into  a  platinum  capsule  over  a  good-sized 
Bunsen  burner;  after  being  strongly  heated  the  oxalate  is  decom- 
posed into  the  carbonate,  and,  if  heated  high  enough  to  be  fused, 
will  furnish  about  twenty -three  grammes  of  fused  carbonate  of 
soda ;  fused  or  not,  dissolve  in  water,  filter,  evaporate  to  dryness, 
dehydrate  over  a  naked  flame,  and  granulate  it  by  stirring  when 
hot. 

Double  or  quadruple  the  quantities  above  given  may  be  oper- 
ated upon  at  once  with  similar  results.  The  carbonate  of  soda 
thus  made  is  perfectly  free  from  chlorine,  sulphuric  acid,  silica, 
or  other  impurity  that  will  interfere  with  its  use  in  analysis. 

Pure  Carbonate  op  Potash. 
It  may  be  wrong  to  use  the  word  pure  in  connection  with  the 
preparation  of  this  substance  in  the  manner  to  be  described,  as  it 
may  contain  at  the  end  of  the  operation  a  trace  of  nitrate  of  pot- 
ash. The  starting  point  is  pure  nitre,  which  is  a  cheap  potash  salt, 
and  can  be  readily  purified  by  repeated  crystallization ;  the  other 
is  oxalic  acid,  the  commercial  acid  recry stall ized  once  or  twice; 
50  grammes  of  pure  nitre  and  100  grammes  oxalic  acid  are  placed 
in  a  platinum  capsule ;  to  this  is  added  a  small  quantity  of  water, 
and  heated  over  a  gas-burner ;  before  the  mixture  is  entirely  dry, 
a  second  portion  of  water  is  added  and  the  heat  continued  until 
the  mass  is  brought  to  dryness,  at  which  time  nearly  all  the  nitric 
acid  of  the  nitre  is  expelled;  the  heat  is  now  continued,  and  the 
whole  mass  brought  to  redness,  breaking  up  the  lumps  with  an 
iron  rod,  when  the  oxalate  of  potash  formed  will  be  decomposed 
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into  the  carbonate;  the  mass  is  treated  with  water,  filtered,  dried, 
and  granulated  over  the  flame ;  this  furnishes  about  31  grammes 
of  carbonate  of  potash  which,  as  I  have  already  said,  may  contain 
a  little  nitre,  but  this  in  no  way  interferes  with  the  ordinary  use  of 
carbonate  of  potash  in  making  fusions.  For  this  purpose  I  com- 
monly mix  equal  parts  of  carbonates  of  soda  and  potash  at  the 
time  they  are  required  for  use. 

Absolute  Alcohol. 

This  substance,  as  obtained  in  commerce,  very  seldom  marks  more 
than  98  to  99  per  cent.  It  is,  however,  not  unfrequently  made  in 
our  laboratories,  and  when  this  is  done  the  usual  method  is  employed 
of  pouring  strong  alcohol  on  lime  until  the  lumps  of  lime  are  cov- 
ered. This  method  of  proceeding  gives  a  thick  magma  which, 
when  heated  over  a  water-bath,  allows  the  alcohol  to  pass  over  but 
slowly,  and  much  of  the  alcohol  is  lost  from  the  impossibility  of 
the  heat  penetrating  the  thick  mass.  The  method  I  follow  differs 
from  this  in  no  way  except  in  the  quantity  of  lime  employed ; 
using  the  smallest  quantity  of  lime  necessary  to  abstract  all  the 
water,  it  is  surprising  how  complete  the  lime  will  perform  its  func- 
tion in  this  respect.  Take  for  instance,  one  litre  of  alcohol  of  94 
per  cent ;  this  contains  about  60  grammes  of  water ;  if  to  this  be 
added  120  grammes  of  good  and  fresh  burnt  lime,  requiring  about 
40  grammes  of  water  to  convert  it  into  hydrate,  actual  experiment 
proves  that  when  kept  in  contact  with  the  alcohol  a  sufficient  length 
of  time  it  accomplishes  this  absorption  of  water,  and  the  alcohol 
decanted  from  the  precipitated  lime  will  be  fully  98  per  cent. 

Operating  upon  this  fact,  I  have  been  long  in  the  habit  of  sup- 
plying myself  with  alcohol  of  98  and  100  per  cent,  by  proceeding 
in  the  following  manner :  I  have  in  my  laboratory  three  or  four 
two-litre  bottles,  into  each  of  which  I  place  1^  litre  of  94  per  cent 
alcohol,  the  strongest  alcohol  sold  in  commerce ;  to  this  is  added  180 
grammes  of  fresh  burnt  lime  of  the  best  quality  broken  up  into  a 
coarse  powder.  These  bottles  are  set  aside  on  the  shelf  and  agi- 
tated from  time  to  time,  the  oftener  this  is  done  the  more  rapid  will 
reaction  be  accomplished.  A  week  or  ten  days  will  usually  suffice, 
when  the  bottles  are  allowed  to  remain  at  rest  and  the  hydrate  of 
lime  will  settle  in  a  few  days,  and  by  a  siphon  two  thirds  of  the 
original  alcohol  can  be  drawn  off  free  from  lime,  which  marks  98 
per  cent  alcohol,  and  when  filtered  and  50  cubic  centimetres  evapo- 
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rated  to  dryness  there  will  be  left  only  the  merest  trace  of  lime,  less 
than  one  half  milligramme.  But,  of  course,  redistillation  is  so  sim- 
ple that  if  we  wish  the  alcohol  at  98°  it  can  be  readily  distilled  over 
a  water-bath.  The  magma  remaining  in  the  bottle,  when  distilled 
over  a  water-bath,  furnishes  the  remainder  of  the  alcohol  about  one 
half  per  cent  higher. 

When  absolute  alcohol  is  desired,  take  the  alcohol  just  as  it 
has  been  siphoned  off  or  distilled  from  the  magma,  put  it  in  a  con- 
venient flask  for  distillation,  and  to  each  litre  add  120  grammes  of 
lime  in  coarse  powder,  attach  to  a  Liebig  condenser  inverted,  so 
that  the  alcohol  will  run  back  into  the  flask  when  condensed ;  this 
is  continued  for  an  hour  and  a  half  or  two  hours.  The  condenser  is 
then  placed  in  its  normal  condition  and  alcohol  distilled  over  which 
will  mark  100  per  cent.  Recently  I  have  learned  that  there  is  a 
method  adopted  of  making  absolute  alcohol  by  one  distillation,  oper- 
ating by  the  inverted  condenser  first,  but  in  this  process  the  amount 
of  lime  called  for  is  the  usual  quantity,  whereas  I  find  that  by  reduc- 
ing the  lime  to  its  minimum  and  always  having  bottles  ready  to 
furnish  98  per  cent  alcohol,  the  operation  is  &cilitated,  and  the  loss 
diminished.  So  that,  with  the  ordinary  conveniences  and  appliances 
of  the  laboratory  that  are  always  at  hand  io  be  mounted,  I  can, 
with  fifteen  or  twenty  minutes  of  personal  attention  and  manipulation, 
obtain  a  litre  or  two  of  absolute  alcohol.  Of  course  the  time  for 
the  reaction  of  the  materials  and  the  distillation  is  not  referred  to, 
as  this  requires  little  or  no  supervision. 
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LIMIT  OF  WEIGHING;  CONDENSATION  OF  AIR  ON  SURFACE 
OF  PLATINUM;   GOLD  COVERED  CAPSULES;  WEIGH- 
ING ON  FILTERS;   READY  METHOD  OF  SHOW- 
ING ABSORPTION  OF  HYDROGEN 
BY  PALLADIUM. 


American  Chemist,  v,  1874,  pp.  212,  213. 

The  Lmrr  op:  Weighing. 

In  quantitative  analyses  there  is  perhaps  no  one  part  in  the 
process  on  which  more  time  is  needlessly  lost  than  at  the  balance. 
While  no  chemist  should  consider  any  time  lost  which  is  needed 
for  accuracy  of  result^,  yet  we  need  not  consume  time  attempting 
what  is  called  accuracy  of  weighing  far  beyond  the  limit  of  error 
of  the  circumstances. 

Under  a  balance  in  a  laboratory  the  containing  vessels  of  plati- 
num, glass,  and  porcelain  (used  to  contain  the  materials  weighed) 
are  placed.  Some  of  our  most  accurate  and  distinguished  analyt- 
ical chemists,  as  Rose  and  others,  we  are  informed,  only  weighed 
within  one  milligramme,  using  one  to  two  grammes  of  the  ma- 
terial; in  my  own  practice,  using  from  .500  to  1  gramme,  I 
consider  it  useless  to  weigh  nearer  than  half  a  milligramme.  A 
little  practice  will  soon  enable  any  one  to  judge  where  to  place 
the  last  half  milligramme. 

My  remarks  thus  far  apply  to  the  great  run  of  accurate  chem- 
ical analyses.  When  it  comes  to  the  more  precise  study  of  atomic 
weights  I  still  adhere  to  the  limit  of  a  half  milligramme,  but 
increase  the  amount  of  material  experimented  with. 

In  regard  to  assay  analyses  of  gold  and  silver  of  course  these 
rules  are  not  meant  to  apply,  for  there  we  have  a  special  balance 
whose  beam  is  no  larger  than  a  wire,  and  whose  entire  range  is 
very  small,  and  therefore  can  be  kept  to  an  adjustment  far  ex- 
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ceeding  any  thing  that  can  be  done  with  analytical  balances  of 
the  most  approved  make. 

Condensation  of  Air  on  the  Surface  of  Platinum. 

In  connection  with  the  subject  of  weighing  I  would  add  the 
following  observations  of  mine  on  platinum  vessels. 

After  taking  the  weight  of  a  clean  platinum  vessel  then  wiping 
it  thoroughly  with  a  dry  rag  or  soft  paper  and  replacing  it  on  the 
pan  of  the  balance,  it  will  be  found  to  have  lost  weight;  if  of 
the  ordinary  size  used  in  quantitative  analysis,  it  will  be  found 
to  have  lost  two  milligrammes  or  more.  If  allowed  to  remain 
on  the  balance  for  fifteen  or  twenty  minutes  it  will  be  found  to 
have  recovered  its  weight.  This  change  has  usually  been  attrib- 
uted to  moisture,  but  I  have  clearly  established  that  this  is  not 
the  case. 

The  following  is  the  result  of  some  accurate  experiments :  A 
new  flat-bottom  capsule,  4  centimetres  in  diameter  and  2  centi- 
metres deep,  having  about  50  centimetres  square  of  surface  inside 
and  outside,  was  first  thoroughly  cleaned  by  boiling  in  a  solution 
of  caustic  soda.  After  thorough  washing  in  distilled  water  it  was 
heated  to  redness,  allowed  to  cool,  and  in  one  hour  weighed.  It 
was  now  taken  from  the  balance  and  wiped  with  clean  filter  paper, 
taking  care  to  touch,  as  far  as  possible,  all  parts  of  the  surface 
without  using  any  violent  friction.  After  being  submitted  to  this 
operation  it  was  replaced  on  the  balance,  and  it  was  ascertained 
to  have  lost  two  milligrammes,  and  after  being  allowed  to  remain 
for  twenty  minutes  its  original  weight  was  restored. 

The  vessel  was  now  transferred  to  a  drying  receiver  over  sul- 
phuric acid  and  allowed  to  remain  six  hours ;  placed  on  the  balance 
it  weighed  exactly  what  it  did  when  placed  in  the  drying  receiver. 
It  was  now  wiped  as  before,  and  on  being  replaced  on  the  balance 
had  lost  two  milligrammes,  which  it  recovered  as  before  in  fifteen 
or  twenty  minutes. 

The  vessel  was  now  transferred  to  a  receiver  in  which  thp  air 
was  satmtited  with  moisture  from  wet  paper  placed  on  the  glass 
support.  After  six  hours  the  capsule  was  placed  in  the  balance, 
when  it  was  found  to  weigh  just  the  same  as  it  did  when  it  was 
introduced  into  the  moist  atmosphere.  A  dry  atmosphere  or  a 
moist  atmosphere  was  then  shown  to  have  no  effect  in  producing 
this  temporary  loss  of  weight  in  the  capsule. 
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From  these  experiments  it  shows  very  clearly  that  there  is  air 
condensed  on  the  surface  of  platinum  that  a  little  rubbing  will 
remove ;  but  it  will  soon  return  to  the  platinum  after  this  treat- 
miant.  The  importance  of  this  fact  will  be  manifest  to  the  analyt- 
ical chemist,  and  make  him  cautious  about  taking  the  tare  of  his 
platinum  vessels  too  soon  after  wiping  them. 

Gold-lined  Capsules  and  Crucibles. 

While  the  analytical  chemist  can  not  always  indulge  in  every 
form  of  luxury  of  apparatus  which  might  tend  to  facilitate  and 
give  precision  to  his  researches,  still  they  are  very  convenient  and 
useful  at  times.  Those  who  have  had  much  to  do  with  caustic 
potash  and  nitre  heated  to  redness,  know  that  silver  vessels  will 
not  always  answer  their  purpose.  Under  these  circumstances  gold 
vessels  are  very  useful  but  very  expensive,  and  I  have  for  some 
time  been  using  what  might  be  called  a  compromise  vessel,  made 
of  platinum  lined  with  gold ;  not  platinum  gilt,  but  made  in  the 
following  manner:  A  thick  sheet  of  platinum  is  taken  and  the 
requisite  amount  of  gold  melted  on  the  surface,  the  whole  is  then 
rolled  out  to  the  proper  thickness  for  capsules  and  crucibles,  and 
these  latter  vessels  then  made  out  of  this  sheet.  There  was  some 
little  difficulty  attending  the  making  of  the  first  vessels,  but  this 
was  entirely  overcome  in  the  establishment  of  Johnson,  Matthey 
&  Co.,  Hatton  Garden,  London,  where  the  vessels  I  use  are  made. 

Weighing  on  Filters. 

In  weighing  precipitates  on  the  filter,  the  common  method  I 
employ  is  to  take  two  filters  of  the  size  required,  which  have  been 
cut  to  size  together.  These  filters  are  placed  on  the  balance  and 
weighted  one  against  the  other.  Ordinarily  there  w^ill  be  but  a 
few  milligrammes  difference  in  weight,  which  difference  is  marked 
in  small  numbers  with  pencil  on  the  heavier.  These  filters  are 
placed  on  the  funnel  side  by  side,  the  substance  to  be  filtered  is 
poured  on  one  and  the  filtrate  from  the  first  is  poured  t)n  to  the 
second  filter,  and  so  with  the  washings.  When  the  filtration  and 
washing  are  complete,  the  two  filters  are  placed  on  the  warm-bath 
and  dried;  the  weighing  being  conducted  in  the  ordinary  way, 
only  the  empty  filter  is  placed  on  the  balance  as  a  tare  to  the 
other,  and  due  allowance  made  for  the  excess  of  weight  of  one 
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filter  over  the  other  in  taking  account  of  the  weight  of  the  sub- 
stance. This  has  some  advantages  over  the  ordinary  way  with 
the  filter,  as  there  is  no  need  of  any  special  precaution  of  washing 
the  filter  prior  to  use  in  any  way,  or  drying  in  a  glass  tube,  and 
using  any  precaution  against  the  hydroscopic  moisture  that  is  likely 
to  be  absorbed  by  the  dry  filter,  for  there  is  always  a  filter  on  each 
side  of  the  scale  subject  to  like  conditions.  It  enables  me  at  least 
to  dispatch  my  work  more  readily  and  satisfactorily. 

A  Keady  Method  of  Showing  the  Absorption  of  Hydro- 
gen BY  Palladium. 

In  the  beautiful  and  important  investigation  of  Graham  upon 
the  absorption  of  hydrogen  by  palladium,  he  described  a  very 
pretty  method  of  making  this  absorption  very  apparent  to  the 
eye,  viz.,  to  take  a  strip  of  thin  palladium,  place  wax  or  other 
non-conducting  and  pliable  substance  on  one  surface  of  the  strip, 
and  then  attach  it  to  the  proper  pole  of  a  galvanic  battery,  and 
plunge  it  into  water  acidulated  with  sulphuric  acid,  when  the 
hydrogen  that  is  evolved  at  that  pole,  instead  of  escaping  as  gas, 
is  absorbed  by  the  palladium,  which  now  bends  and  coils  up  on 
itself  in  virtue  of  the  expansion  on  the  exposed  side. 

This  same  result  I  have  been  in  the  habit  of  exhibiting  in  my 
laboratory,  with  a  small  piece  of  very  thin  palladium,  about  1^ 
centimetres  wide  and  8  centimetres  long.  Light  a  small-sized 
Bunsen  burner,  hold  the  piece  of  palladium  in  the  upper  part  of 
the  flame;  it  will  get  red  hot  but  remain  in  the  same  form  as 
when  introduced  in  the  flame.  Lower  it  now  into  the  flame  until 
the  unburnt  gas  from  the  center  of  the  flame  strikes,  the  bottom 
of  the  metal,  when  it  will  immediately  coil  upward,  and  can  be 
made  to  double  on  itself.  Carry  it  back  to  the  upper  part  of  the 
flame  and  it  will  straighten  itself  again.  There  are  some  inter- 
esting chemical  questions  connected  with  this  experiment  that  are 
worth  working  out;  and  at  some  leisure  moment  I  will  look  into 
them ;  as,  for  instance,  the  absorption  of  the  gas  at  this  high  tem- 
perature, and  as  to  whether  or  not  simply  hydrogen  is  absorbed, 
the  palladium  thereby  decomposing  the  hydrocarb(m,  etc. 
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Ckmipt  Rend.,  Ixxxiii,  1876,  p.  202;  Amer,  Jour.  Science^  xii,  1876, 
pp.  106-107. 

In  the  construction  of  this  new  form  of  compensating  pendulum, 
I  have  taken  advantage  of  the  very  great  expansibility  of  that 
combination  of  sulphur  and  caoutchouc  known  as  vulcanite  or 
ebonite.  Its  coefficient  of  expansion  is  known  to  approach  that 
of  mercury  in  the  ranges  of  temperature  from  0°  to  70°  C. 

The  mechanical  arrangement  adopted  is  a  very  simple  one. 

The  rod  of  the  pendulum  is  of  round  steel,  with  an  adjusting 
screw  at  the  lower  end ;  a  round  rod  of  vulcanite  with  a  hole  in  the 
center  is  passed  on  to  the  steel  rod,  fitting  it  loosely,  and  being  held 
in  place  by  the  adjusting  screw.  The  bob  of  the  pendulum  con- 
sists of  a  heavy  mass  of  brass  with  a  hole  through  the  center  large 
enough  to  admit  the  vulcanite  over  which  it  passes,  and  by  a  prop- 
erly arranged  stop  rests  on  the  end  of  the  vulcanite  farthest  from 
the  lower  end  of  the  pendulum,  so  that  any  expansion  of  the 
vulcanite  elevates  the  brass  bob,  thus  compensating  for  the  down- 
ward expansion  of  the  steel  rod  and  brass  bob. 

There  is  a  simple  mechanical  arrangement  for  adjusting  the 
proper  difference  between  the  length  of  the  vulcanite  and  the  other 
parts  of  the  pendulum. 

For  a  second  pendulum  to  an  astronomical  clock,  I  have  used 
the  following  dimensions:  diameter  of  the  steel  rod,  6  mm.;  diame- 
ter of  vulcanite,  25  mm.;  length  of  same,  165  mm.;  diameter  of 
brass  bob,  63  [mm.;  length  of  the  same,  156  mm.  These  dimen- 
sions are  in  no  way  insisted  on  as  being  the  best.  For  a  half-sec- 
ond pendulum  I  have  used  a  steel  rod  3  mm.  in  diameter;  vul- 
canite, 11  mm.  in  diameter  and  63  mm.  long;  brass  bob,  38  mm.  in 
diameter  and  57  mm.  long. 

I  have  had  one  of  these  pendulums  attached  to  an  astronomical 
clock,  and  after  adjustment  it  has  been  running  four  months  with 
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very  satisfactory  results.  Should  this  form  of  pendulum  prove 
itself  constant  and  correct,  it  would  certainly  be  a  convenient  one 
for  transportation,  and  very  much  less  costly  than  the  ordinary 
form.  And  as  for  the  half-second  pendulum,  in  such  constant  use 
in  mantel  clocks,  it  will  be  of  the  greatest  service  and  not  add  more 
than  twenty  cents  cost  to  the  commonest  form  of  pendulum  that 
can  be  used. 

As  regards  the  uniformity  of  the  coefficient  of  expansion  of  all 
vulcanites,  of  course  it  is  not  to  be  supposed  that  it  can  be  relied 
upon,  but  a  very  simple  method  is  used  to  ascertain  it  for  any  single 
specimen,  or  for  a  number  made  of  the  same  lot  of  material. 

I  have  made  experiments  on  several  different  specimens,  and  the 
results  vary  little  from  each  other.  The  range  of  temperature  with 
which  the  experiments  were  made  was  from  zero  to  43°  C. ,  on  a 
bar  25  millim.etres  in  diameter,  and  304  millimetres  long,  this 
expanding  in  length  9-10  millimetres ;  making  the  entire  expan- 
sion equal  to  -j-ir  ^^  ^^®  entire  length  of  the  rod  for  a  temperature 
ranging  from  freezing  to  boiling  point,  giving  as  coefficient  for 
linear  expansion  for  one  degree  centigrade,  0.000079365.  This 
coefficient  is  seen  to  be  lower  than  that  of  mercury;  but  from  the 
fact  that  mercury  corrects  the  pendulum  by  only  one  half  its 
expansion,  and  the  vulcanite  is  made  to  correct  it  by  its  entire 
expansion,  the  length  of  vulcanite  required  is  even  less  than  the 
column  of  mercury  used  in  the  mercurial  pendulum.  This  instru- 
ment is  one  whose  use  depends  on  its  accuracy  of  operation  after 
careful  trial  for  some  time. 
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Annd.  de  Chimie,  viii,  1876,  pp.  566-571. 

Les  principauz  puits  ^  gaz  sont  8itu6s  dans  le  comt6  de  Butler 
(Pensylvanie),  latitude  40®  SCX,  longitude  80  degr^s;  dans  les 
comt^  avoisinants  se  trouvent  ^galement  des  puits,  mais  de  moin- 
dre  importance.  On  sait,  depuis  plusieurs  ann^,  qu'en  creusant 
dans  ces  regions  jusqu'  k  certaines  profondeurs,  le  gaz  se  d^gage 
avec  violence,  mais  les  avantages  pratiques  qui  r^ultent  de  ce 
ph6nom^ne  n'attirent  une  s^rieuse  attention  que  depuis  quelques 
mois. 

Les  puits  de  gaz  les  plus  abondants  sont  ceux  connus  sous  les 
noms  de  puits  de  Burns  et  de  Delamater. 

Puits  de  Burns  et  deDdameter, — S6par^s  par  moins  de  ^  mille, 
ils  sont  situ^s  dans  le  comt^  de  Butler,  k  7  milles  de  Buller  (nord-est), 
k  15  milles  environ  du  puits  de  Hardy  (Larden's  Mills,  dans  le 
m^me  comt^),  dont  le  gaz  est  conduit  k  Pittsburgh,  auz  resines  de 
Spang-Chalfant  et  Cie.  et  de  Graff-Bennett  et  Cie.  A  vol  d'oiseau 
ces  deux  puits  sont  k  30  milles  environ  de  Pittsburgh.  Leur  pro- 
fondeur  est  de  1,600  pieds  environ,  car  ils  ont  6t6  for^s  jusqu'  k  la 
quatridme  couche  de  sable,  si  bien  connue,  au  moins  de  nom,  de 
tons  ceux  que  pr6occupe  la  question  du  p^trole. 

Le  puits  de  Burns  n'a  jamais,  croyons-nous,  donn^  d'huile, 
mais  celui  de  Delamater,  for6  d'  abord  jusqu'  a  la  troisi^me  couche 
de  sable,  ^tait  un  puits  a  p^trole  de  1,600  litres;  creus^  ensuite  jus 
qu'  a  la  quatri^  me,  il  donna  du  gaz  dont  la  pression  6tait  telle  que 
des  sondes  d' environ  800  kilogrammes  purent  ^tre  retirees  du  puit« 
k  la  main.     Chacun  de  ces  puits  a  5f  pouces  de  diam^tre. 

Le  puits  de  Delamater  est  le  plus  remarquable ;  il  produit  pr^ 
du  double  de  celui  de  Burns,  et  fournit  de  la  lumi^re  et  du  combus- 
tible a  tous  les  environs,  y  compris  la  ville  de  Saint-Joe.  II  est 
situ6  dans  une  valine  entour^e  de  hautes  montagnes,  qui  r^fl^his- 
sent  et  concentrent  la  lumi^re  produite  par  le  gaz.     Plusieurs  con- 
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duites  partent  de  ce  puits;  Tune  conduit  le  gaz  directement  au 
cylindre  d'lme  forte  machine  motrice  qui,  par  la  seule  pression, 
acquiert  une  prodigieuse  Vitesse,  et,  si  Ton  allume  legaz  qui  s'^- 
chappe  du  tuyau  de  d^gagement,  il  se  produitune  flamme  immense. 
Un  aut  re  tuyau,  pr^s  du  hangar  de  la  machine,  alinente  une  autre 
flamme,  capable  de  r^duire  autant  deminerai  de  fer  que  la  moiti^ 
des  hauts-fourneaux  de  Pittsburgh  n'en  mettent  en  oeuvre  par  jour. 
A  20  metres  plus  loin  est  T^coulement  principal  du  puits;  d'un 
tuyau  de  3  pouces  jaillit  une  colonne  de  feu  de  40  pieds  de  hau- 
teur, dont  le  bruit  fait  trembler  les  collines.  Dans  un  rayon  de 
50  pieds,  la  terre  est  brdl^e;  mais  plus  loin,  la  v^g^tation  est 
aussi  abondante  et  vigoureuse  que  dans  les  tropiques  et  semble 
jouir  d'un  ^t6  perp^tuel.  Par  une'nuit  calme,  le  bruit  peut  s' 
entendre  k  15  milles  de  distance;  k  4  milles,  on  dirait  un  train 
de  chemin  de  fer  passant  sur  un  pont  peu  ^loign^ ;  il  augmente 
au  fur  et  a  mesure  qu'on  se  rapproche  et  devient  semblable  au 
bruit  que  feraient  un  millier  de  locomotives  laissant  6chapper  la 
vapeur. 

A  ^  de  mille,  il  ressemble  au  grondement  continu  du  canon.  La 
voix  humaine  peut  ^peine  se  faire  entendre,  et  la  flamme  s'  ^bance 
dans  les  airs  jusqu'  k  une  hauteur  de  70  pieds,  comme  un  clocher 
d'^glise  embras^.  En  hiver,  les  collines  environnantes  sont  con- 
vertes  de  neige,  mais,  k  2  acres  autour  du  puits,  V  herbe  est  verte 
et  en  pleine  v6g6tation,  sauf  tout  pr^s,  oil  la  terre  ressemble  k  de  la 
lave  ^teinte.  A  une  certaine  distance,  on  voit  les  troupeaux  et  le 
b^tail  se  chauffer  et  brouter  1'  herbe,  qui  parait  sortir  d'  une  serre 
chaude. 

Composition  etpressixm  du  gaz, — La  composition  et  la  pression  de 
ce  gaz  out  6t6  examine  avec  soin  par  O.  Wath.  II  est  presque 
enti^rement  compost  d'  hydro-carbure  de  la  composition. 

C^.  H^.  m6lang6  avec  une  petite  quantity  d'  oxyde  de  carbone  et 
d'  acide  carbonique ;  sa  puissance  6claivante  est  de  sept  bougies  et 
demie,  celle  du  gaz  de  charbon  6tant  k  peu  pr^s  de  seize.  La  puis- 
sance calorifique  est,  k  poids  6gal,  de  25  pour  100  environ  plus  forte 
que  celle  du  bon  charbon  bitumineux.  Au  puits,  dans  un  tuytlu 
de  5f  pouces,  la  pression  est  de  100  livres  par  pouce  carr4.  Dans 
un  plus  petit  tuyau,  elle  d^passe  200  livres,  et  si,  par  un  tuyau  de 
2  pouces,  on  conduit  le  gaz  jusqu'a  Freefort,  qui  est  k  15  milles  du 
puits,  la  pression  se  trouve  r^duite  de  200  a  125  livres;  d'oii  Ton 
peut  conclure  qu'en  employant  un  tuyau  de  5f  pouces  et  une  pres- 
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sion  originaire  de  100  livres,  la  perte  occasionn^  par  le  frottement 
dans  le  trajet  du  puits  k  Pittsburgh  (35  milles)  ne  d^passerait  pas 
la  moiti6,  et  que  la  pression  serait  encore  de  50  livres  par  pouce 
carr^  k  Pittsburgh. 

La  Vitesse  ascensionnelle  du  gaz  est,  enchiffr  es  ronds,  de  1,700 
pieds  par  seconde,  et  si  Y  on  multiplie  ce  chiffre  par  la  surface  du 
tuyau,  17  pouces  carr^s,  on  trouve  un  d^bit  de  289  pieds  cubes  par 
seconde,  ou  de  17,340  pieds  cubes  par  minute,  ou  bien,  enchiflres 
ronds,  de  1  million  de  pieds  cubes  par  beure. 

La  quantity  de  gaz  fournie  journellement  est  done  de  1,408 
tonnes  environ.  Si  Ton  prend  en  consideration  que,  pour  1' usage 
des  hauts-fourneaux,  la  combustion  du  gaz  est  bien  plus  corapldte 
que  celle  du  charbon  bitumineux,  et  que  la  chaleur  effective  pro- 
duite  est  de  25  pour  100  plus  grande,  en  supposant  la  combustion 
complete  dans  les  deux  cas,  on  pent  6tre  assur6  que  les  chiffres  ci- 
dessus  sont  certainement  inf4§rieurs  a  la  r^lit^. 

On  estime  le  reudement  du  puits,  en  combustible,  k  plus  de  3 
millions  de  kilogrammes  par  jour. 

Le  puits  de  Burns  fonctionne  depuis  plus  de  trois  cents  jours,  et 
a  produit  T  Equivalent  de  plus  de  300  millions  de  kilogrammes  de 
charbon  bitumineux. 

Duree  des  puits  de  gaz. — Tout  ce  que  nous  pourons  dire  ti  ce  sujet, 
c'est  que,  dans  la  r6gion  de  Thuile  supErieure,  des  puits  ont  fourni 
du  gaz  pendant  douze  ann^es,  sans  aucune  diminution  apparente. 
Un  puits,  k  Fair  view,  a  aliments  de  combustible  plus  de  cent  machines 
pendant  cinq  aus,  et  sa  production  est  aujourd'  hui  la  mdme  que  le 
premier  jour. 

Applicatian  emnomique  de  ce  gaz. — ^L'art  de  tirer  parti  de  cette 
immense  quantity  de  combustible  est  encore  dans  Fenfance.  Le  gaz 
provenant  des  deux  puits  les  plus  connus  n'est  employ^  qu'aux 
usages  ci-dessus  mentionn^s.  A  Pittsburgh,  deux  usines  a  fer  pren- 
nent  le  gaz  du  puits  de  Harvey,  situ6  k  15  milles  de  la  ville;  c'est 
la  plus  grande  application  faite  jusqu'  k  ce  jour. 

Ce  dernier  puits,  creuse  dans  la  deuxi^me  roche,  a  une  pro- 
fondeur  de  1,200  pieds ;  sondiam^tre  est  de  5^  pouces.  Le  tuyau 
qui  conduit  legaz  a  Pittsburgh  est  de  6  pouces,  mais  il  est  tr^- 
mince,  et  les  raccords  sont  fait  d'une  fa9on  si  imparfoite  qu'il  y  a 
de  tres-grandes  fuites ;  k  Tarriv^e,  la  pression  est  done  beaucoup 
r^duite. 

A  ces  usines,  on  se  sert  du  gaz  pour  puddler  le  fer,  et  Ton 
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pretend  qu'il  endommage  moins  le  fourneau  que  le  charbon  et  qu'on 
obtient  ime  6conomie  de  quatre  heures  par  fourn^e. 

XJne  compagnie  s'  est  constitute  pour  forer  des  puits  dans  la  ville 
de  Pittsburgh,  sur  le  cdt6  septentrional  du  Monagahela,  et  va  imm6- 
diatement  commencer  ses  tra  vaux ;  une  autre  se  forme  pour  op6rer 
les  mfimes  travaux  sur  le  cot^  sud ;  enfin  une  troisi^me,  avec  un  capi- 
tal de  2,500,000  francs,  se  propose  d'amener  k  Pittsburgh  le  gaz  des 
puits  de  Delamater  et  de  Burns,  61oign6s  de  35  milles. 

Le  gaz  sort  ant  des  quatre  puits  a  6t6  analyst  avec  un  grand 
soin  par  M.  S.  P.  Sadler,  et  cette  analyse,  qui  inspire  toute  confiance, 
a  donn^  les  r^sultats  suivants : 

Puits  de  Burns,  Butler  County. 

Acide  carhonique 0.34 

Oxyde  de  carhone .• trace 

Hydrogdne   6.10 

Gaz  des  marais 75.44 

Ethylene  18.12 

100.00 
La  density  du  gaz  de  ce  puits  a^te  trouv^e  deo,  698. 

Puits  de  Lechburq,  Westmoreland  C. 

Acide  carbonique 0.36 

Oxyde  de  carbone 0.26 

Hydrogene  carbon^ 0.66 

Hydrogene    4.79 

Gaz  des  marais 89.66 

Ethyldne   4.89 

100.00 
Puits  Harvey,  Butler  C. 

Acide  carbonique 0.66 

Hydrogene   13.50 

Gaz  des  marais 80.11 

Ethylene  6.72 

99.99 
*  Puits  Cherry  Tree,  Indiana  C. 

Acide  carbonique 2.21 

Hydrogene   22.50 

Gaz  des  marais 60.27 

Oxygeno    0.83 

Azote 7.32 

100.00 

*Ttii8  analysis  is  incorrect;  it  should  be  as  follows: 

Hydrogen 22.50 

Marsh  gas 60.27 

Ethane 6.80 

Carbonic  acid 2.28 

Nitrogen 7.32 

Oxygen 0.83 


TANTALITE  FROM  COOSA  COUNTY,  ALA. 

ITS  MODE  OF  OCCURRENCE  AND  COMPOSITION. 


Amer.  J<mr.  Science,  xv,  1878,  pp.  203,  204. 

While  columbite  has  been  long  known  from  a  number  of  locali- 
ties in  the  United  States,  and  at  some  of  them  it  is  found  in  great 
abundance,  the  related  mineral  t^intalite  has  never  been  identified, 
until  recently  I  proved  the  fact  of  its  occurrence  in  Alabama. 
Professor  Konig  has  described  (Proc.  Acad.  Nat.  Sci.,  Philadelphia, 
1876)  a  mineral  which  he  considered  to  be  tantalite  from  Yancey 
County,  North  Carolina.  There  must,  however,  have  been  some 
mistake  about  the  matter,  for  he  states  the  specific  gravity  of  the 
mineral  to  be  5.807.  If  this  determination  was  given  correctly 
this  could  not  have  been  tantalite.  I  have  found  columbite  from 
the  North  Carolina  localities  with  specific  gravities  from  5.6  to  6.3, 
varying  according  to  the  amount  of  tantalic  acid  present  with  the 
columbic  acid.  There  is  no  instance  that  I  know  of  where  tantalite 
has  as  low  a  specific  gravity  as  7. 

I  am  indebted  to  Professor  Eugene  Smith,  State  Geologist  of 
Alabama,  for  the  specimen  of  tantalite  that  first  came  under  my 
observation ;  he  suspected  it  to  be  tantalite,  and  sent  it  to  me  for 
verification;  he  had  obtained  the  specimen  from  Judge  Bentley, 
to  whom  we  owe  what  we  know  about  the  manner  of  its  occur- 
rence. 

It  is  found  in  Coosa  County,  Alabama,  detached  from  any  rock, 
lying  loose  with  ** bowlders"  (as  Judge  Bentley  calls  them)  of 
granite  more  or  less  disintegrated.  As,  however,  this  region  be- 
longs to  the  older  series  of  rocks  (Professor  Eugene  Smith  has  not 
yet  explored  it)  these  blocks  of  granite  are  doubtless  not  bowlders, 
but  detached  masses,  weather  worn.  They  are  found  both  under 
and  on  the  surface  for  miles,  running  northeast  and  southwest. 
Across  these  in  a  direction  northwest  and  southeast  runs  a  ridge 
filled  with  quartz  and  flint  rocks,  and  at  the  intersection  of  the  two, 
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over  about  an  acre  of  surface,  some  fifty  specimens  of  tantalite 
have  been  collected,  from  the  size  of  a  pea  to  a  lump  one  and  a 
quarter  pounds  in  weight. 

Character  of  spedmem. — They  are  irregular  masses,  without  the 
slightest  indication  of  crystalline  form,  just  such  pieces  as  I  have 
obtained  from  the  locality  at  Limoges;  they  are  more  or  less 
rounded,  with  a  ready  cleavage  in  one  direction;  the  specimens 
although  long  exposed,  have  undergone  but  little  alteration,  as  in- 
dicated by  examination  made  on  several  specimens.  The  specific 
gravity  varied  from  7.305  to  7.401. 

On  analysis  it  was  found  to  consist  of 

Tantalic  acid 79.66  ^ 

Tungstic  acid 1.10  >•  81.62  metallic  acids. 

Stannic  acid 87  J 

Manganese  protoxide 8.72 

Iron  protoxide 13.51 

Copper  oxide 89 

99.74 
The  tantalic  acid  contains  very  little  columbic  acid. 
Judging  from  the  discoveries  already  made,  and  the  large  size 

of  some  of  the  pieces  of  tantalite,  we  may  expect  some  important 

results  from  the  future  explorations  in  Alabama. 
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Compt.  Eeiid.,  Ixxxvii,  1878,  pp.  148-151. 

*'Ayant  lu  T  interessante  communication  de  M.  J.  L.  Soret  k 
TAcad^raie  des  Sciences,  relativement  au  spectre  d*  absorption  des 
terres  des  gadolinites  dans  les  rayons  ultra-violets,*  je  m'  empresse, 
en  vue  demon  propre  int6r6t,  de  porter  a  la  connaissance  de  TAcad- 
4mie  que  la  terre  designee  X  a  6t6  d^couverte  par  raoi  il  y  a  plus 
d'un  an  ;  la  d^couverte  enfut  aiinonc6e  publiquement  dans  le  cours 
des  travaux  de  I'Acad^mie  des  Sciences  naturelles  de  Philadelphie, 
en  Mai,  18771,  une  communication,  ayant  le  m^me  but,  fut  aussi 
envoy^e  a  ladite  Academic  en  Novembre,  1877. 

**  Mes  conclusions  6taient  enti^rement  bas6es  sur  des  principes 
de  cliimie;  car  il  fut  constats  que  la  terre  que  je  d^couvris  alors  se 
distinguait  par  ses  propri^'t(!^s  de  toutes  celles  connues  pour  appar- 
tenir  aux  groupes  de  Tyttria  et  du  c^^rium,  quoiqu*elle  se  rappro- 
chdt  beaucoup  de  ces  terres,  dont  les  propri^H6s  chimiques  se  confond- 
ent  presque  insensiblement.  Peu  de  temps  apr^s  avoir  annonc^*  la 
d6couverte  de  cette  terre,  j'  en  envoyai  un  sp6cimen  k  M.  Delafon- 
taine,  de  Chicago,  qui  pensa  que  ce  devait  ^tre  de  la  terbine  de  Mosan- 
der,  ou  quclque  terre  nouvelle.J  II  me  fut  toutefois  impossible  d'en- 
faire  accorder  les  propriet6s  avec  celles  attribu6es  alors  a  la  terbine. 

**Je  d^sirais  d^barrasser,  autant  que  possible,  cette  nouvelle 
terre  de  la  presence  de  terres  dCja  connues,  afin  d'en  ^tudier  les 
propri^tif's  et  les  parties  constituantes.    Pour  y  mieux  r(?ussir,  il  me 


*  Ceci  n'a  nul  rapport  avec  la  samarskite  de  1'  Oural,  oii  j*ai  trouve,  con- 
curremment  avec  d'autros  chiinistes,  de  I'oxyde  de  cerium. 

tComptes  Rendus,  29  Avril,  1878,  p.  10(32. 

X  Le  Professeur  Lawrence  Smith  fit  quelques  observations  sur  les  pro- 
pri6tes  anomales  des  oxydes  terreux  de  la  samargkite  et  donna  les  raisons  qui 
le  portent  k  croire  que  ces  oxydes  ne  contiennent  pas  de  cerium  et  qu'  il  est 
fort  probable  que  la  majeure  partie  de  ce  que  V  on  considdre  comme  du  cerium 
est  un  Element  nouveau.  (AnnaUs  de  V  Academie  des  Sciences  Naturelles  de 
Philadelphie,  8  Mai,  1877.) 
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fallait  UD  peu  de  la  ter  bine  que  M.  Marignac  avait  r^cemment 
extraite  de  la  gadolinite.  J'^crivis  done  au  mois  de  mars  ^ 
ce  savant  chimiste ;  il  avait  une  trop  petite  quantity  de  cette  terre 
pour  pouvoir  m'  en  c^der,  mais  il  examina  ma  nouvelle  terre  et  le 
nitrate  que  je  lui  avais  envoy^s,  et,  en  me  communiquant  le  r^- 
sultat  de  son  examen,  il  dit  entre  autres  choses :  *  Non-seulement 
je  suis  convaincu  de  V  identity  de  votre  terre  et  de  ma  terbiue,  mais 
je  puis  ajouter  que  vous  V  avey  obtenue  plus  pure  que  moi.'  Apr^s 
que  M.  Soret  eut  examine  ma  terre  au  moyen  du  spectroscope,  il 
me  dit:  *  Je  ne  puis  avoir  aucun  doute  sur  T  identity  de  la  terbine 
de  ce  chimiste*  (M.  Delafontaine),  de  la  mienne  et  de  votre  terre.' 

*'L' observation  spectroscopique  de  M.  Soret  mettait  hors  de 
doute  que  les  terres  de  la  samarskite  contiennent  un  nouveau 
m^tal,  comme  je  T  avais  annonc6  en  Mai,  1877,  mon  premier  speci- 
men obtenu  alors  donnant  le  spectre  d'  absorption  marque  No.  2  dans 
sa  communication ;  je  n'h^site  plus  il  donner  a  ce  ni^tal  le  nom  de 
mosandrum,  en  homraage  au  chimiste  distingu^  dont  les  recherches 
et  les  d^couvertes  remarquables  dans  cette  classe  de  terres  forment 
une  ^poque  brillante  dans  Thistoire  de  la  Chimie  m^tallique. 

*  *  II  est  a  propos  que  je  donne  ici  un  historique  succinct  de  cette 
d6  couverte,  reconnaissant  en  meme  temps  mes  obligations  envers 
M.  Delafontaine  pour  les  nombreuses  suggestions  dont  il  a  bien 
voulu  aider  mes  investigations. 

**  Vers  la  fin  de  1876,  je  me  suis  occupy  de  T etude  min^ralogique 
et  chimique  des  min^raux  a  acide  niobique  de  TAmerique  et,  entre 
autres,  de  la  saraarstite,  dont  une  quantity  considerable  avait  6t6 
trouv^n  dans  la  Caroline  du  Nord.  J'y  decouvris  deux  nouveaux 
min^raux  sur  lesquels  un  Rapport  fut  adresse  a  cette  Academic ; 
en  s^parant  les  terres  de  la  samarskite,  j'obtins  la  conviction  qu'elles 
ne  contenaient  pas  d'oxyde  acide  de  cerium,  ou  n'en  contenaient  au 
plus  que  de  faibles  traces,  fait  qui  se  trouve  consign^  dans  la  publi- 
cation de  mes  resultats.f  D'autres  chimistes  qui  ont  examine 
cette  samarskite,  comrae  M.  Hunt,  M.  Allen  et  Mile  Swallow, 
s'  accord^reut  tons  a  y  trouver  de  Toxyde  de  cerium ;  M.  Dela- 


*  Dans  le  cours  de  recherches  plus  r^centes,  M.  Delafontaine  crut  avoir 
decouvert  encore  une  nouvelle  terre ;  mais  les  experiences  do  M.  Soret  et  les 
conclusions  do  M.  Marignac  font  voir  que  cette  terre  est  identique  avec  celle 
que  j'  ai  de  couverte.    Comptes  Rendus^  1878,  2^  Sernestre,    (T.  Ixxxvii,  No.  4.) 

"tLa  terbine  et  sea  composes,  et  sur  Vexistaicc  probable  dun  nouveau  metal. 
{Archives  des  Sciences  Physiques  et  NaturelleSy  Mars,  1878,  p.  283.) 
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fontaine  m'^rit  dans  une  lettre  particuli^rc,  en  date  du  4  Mai, 
1877 :  '  Je  n'ai  rien  constats  qui  puisse  faire  douter  de  la  presence 
du  cerium-/  et,  dans  une  lettre  du  21  du  m^me  mois,  il  pafse  en 
revue  les  causas  qui  auraient  pu  m'^garer  dans  mes  conclusions, 
finLssant  par  ces  mots:  'Mais  vous  avez,  je  suppose,  une  m^thode 
^galement  bonne,  et  nous  pouvons  nous  attendre  k  recevoir  de  vous 
une  monographic  sur  un  dement  nouveau,  laquelle  me  ferait,  je 
Tavoue,  grand  plaisir;  car  il  m'a  d^jd  sembl6  que  Thypothise  de 
r existence  d'un  pareil  dement  donnerait  une  explication  satisfais- 
ante  de  certaines  incongruit^s  dans  les  propri6t6s  des  autres  terres.' 
Dans  une  lettre  encore  plus  r^cente  du  m^me  chimiste,  il  dit  a 
propos  des  terres  de  la  samarskite :  * 

"*  Je  suis  convaincu  k  cette  heure  de  1*  absence  presque  totale, 
sinon  absolument  totale,  de  I'oxyde  de  cerium,  et  personne  n'a  plus 
aucun  doute  sur  ce  point.' 

*'M  Delafontaine,  k  qui  je  remis  un  pen  de  cette  terre,  que 
j'avais  purifi^e  autant  qu'il  m'etait  alors  possible  de  le  faire,  et 
aussi  une  grande  quantity  du  mineral,  conclut  que  c'^tait  de  la 
terbine  ou  une  terre  nouvelle;  mais,  ne  trouvant  pas  que  les 
propri^t^  chimiques  correspondissent  k  celles  de  la  terbine  connues 
alors,  j'adressai  un  Rapport  k  TAcad^mie  des  Sciences  de  Paris, 
insistant  sur  mes  premieres  conclusions,  ^tablissant  que  la  nouvelle 
terre  diffSre  de  celle  du  groupe  de  Fyttria  par  Taction  du  sulphate 
de  potas8e,t  de  Foxyde  de  cerium  par  sa  solubility,  dans  I'aeide 
nitrique  fortement  6tendu  et  dans  une  solution  des  alcalis  supersa- 
tur^  de  chlore,  du  lanthane  par  la  couleur  de  sou  oxyde  et  de  ses 
sels,  du  didyme  par  les  rayons  d' absorption  de  ce  dernier  dans  la 
partie  brillante  du  spectre.  Je  m'abstins  de  donner  aucun  nom 
d^fin  au  m6tal  constituant  la  base  de  cette  terre ;  car  je  savais  qu'  il 
6tait  n^cessaire  de  proc^der  avec  grand  circonspection,  travaillant, 
comme  je  le  faisais,  parmi  un  groupe  d'oxydes  qui  figurent  entre  les 
61^ments  comme  les  ast^roides  entre  les  plandtes.  Mais  le  spectro- 
scope, dans  la  main  habile  de  M.  Soret,  a  suppl^^  k  ce  qui  me  man- 
quait;  et  je  saisis  cette  occasion  d'annoncer  que  V  existence  de  V  de- 
ment que  je  80up5onnais  en  1876  n'est  plus  hypoth^tique,  mais  r^elle." 


♦Journal  des  Sciences,  vol.  xiii,  Mai,  1877,  pp.  64  et  369. 

t  fitant  pr6cipitee  par  une  solution  concentric  de  ce  sel  en  presence  de 
cris  taux  du  meme  sel,  surtout  a  chaud,  mais  moins  facilement  que  les 
oxydes  de  cerium,  de  lanthane  et  de  didyme. 
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A  SHORT  ACCOUNT  OF  THE  NATURE  OF  THE 

OXIDE  OF  THE  NEW  ELEMENT, 

MOSANDRUM. 


Amer.  Assoc.  Proc.,  xxvii,  1878,  pp.  143-147. 

This  element,  which  I  have  thought  proper  to  call  mosandrum 
in  honor  of  the  important  labors  of  the  distinguished  chemist 
Mosander  in  connection  with  this  class  of  earths,  was  discovered  by 
me  in  the  latter  part  of  1876,  and  at  the  meeting  of  the  Academy 
of  Natural  Sciences,  May  8, 1877, 1  made  a  communication  on  the 
subject,  as  will  be  found  in  the  proceedings  of  that  date.  It  was 
discovered  in. the  samarskite  of  North  Carolina,  which  has  been 
found  in  considerable  quantity.  In  my  analysis  of  this  mineral, 
and  the  examination  of  the  earths  contained  in  it,  I  was  surprised 
not  to  find  cerium  oxide  among  them,  or,  if  present,  only  as  a  mere 
trace.  After  the  earths  are  separated  and  purified,  then  converted 
into  a  nitrate,  and  evaporated  to  a  syrupy  consistency,  a  concen- 
trated solution  of  sulphate  of  potash  is  added  with  a  large  excess 
of  crystals  of  same  salt ;  this  is  stirred  several  times  and  allowed 
to  stand  for  twelve  or  eighteen  hours,  when  a  large  deposit  of  a 
double  salt  takes  place,  which  is  thrown  upon  a  filter  and  washed 
with  a  concentrated  solution  of  sulphate  of  potash. 

This  double  salt  is  now  dissolved  in  water  acidulated  with 
chlor-hydric  acid  and  heated,  subsequently  neutralized,  and  then 
precipitated  by  oxalic  acid.  This  oxalate  is  washed  and  ignited, 
and  the  oxide  resulting  therefrom  redissolved  in  nitric  acid  and 
reprecipitated  to  get  rid  of  potash  contained  in  the  first  oxalate. 
It  is  in  the  oxide  (A)  thus  prepared  that  the  mosandrum  oxide 
will  be  found.  Some  of  it  is  in  the  washings  by  the  solution  of 
the  potash  sulphate,  and  in  the  first  mother  water,  for  its  double 
potash  sulphate  is  slightly  soluble  in  a  concentrated  solution  of 
potash  sulphate,  placing  it  in  this  respect  intermediate  between 
the  oxides  of  cerium  and  yttrium;   which,  as  the  results  of  my 
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labors,  in  connection  with  those  of  Marignac  and  Delafontaine, 
demonstrate,  run  so  insensibly  into  each  other  that  it  is  hard  to 
find  the  line  of  demarkation  between  the  groups. 

The  oxide  (A)  has  the  following  properties :  A  chrome- yellow 
color  of  medium  intensity;  slowly  soluble  in  very  dilute  solution 
of  nitric  acid  (1  to  100),  but  completely  in  from  twenty  to  thirty 
minutes;  precipitated  readily  and  completely  by  oxalic  acid;  and 
this  oxalate  at  a  red  heat  is  readily  converted  into  oxide  without 
blackening,  as  is  the  case  to  a  slight  extent  with  the  oxalate  of 
lanthanium;  a  concentrated  solution  of  sulphate  of  potash,  with 
the  addition  of  some  crystals  of  the  same  salt  poured  on  a  concen- 
trated solution  of  the  nitrate,  will  gradually  furnish  an  abundant 
precipitate  very  slightly  soluble  in  a  concentrated  solution  of  the 
potash  salt.  The  sulphate  is  not  very  soluble,  and  can  be  obtained 
in  small  crystals ;  the  nitrate  is  very  soluble,  and  furnishes  large 
prismatic  crystals  from  a  very  concentrated  solution ;  the  salts  are 
permanent  in  dry  air,  but  deliquesce  if  the  air  be  moist ;  the  salts 
are  of  a  slightly  pinkish  color,  but  this  is  due  to  the  presence  of 
a  little  didymium ;  in  the  absence  of  this  last  metal,  the  salts  are 
colorless — a  solution  of  this  salt  (1  in  10  or  20  of  water),  and  a 
centimetre  thick,  gives  'didymium  absorption  line  in  the  bright 
part  of  the  spectrum. 

If  this  oxide  be  dissolved  and  then  precipitated  by  potash,  we 
obtain  a  gelatinous  mass,  which,  when  treated  with  three  or  four 
times  its  weight  of  caustic  potash,  or  soda  dissolved  in  a  little  water 
and  then  subjected  to  a  current  of  chlorine  for  two  or  three  hours, 
is  all  dissolved  but  a  small  amount  of  the  precipitate,  rendering 
the  solution  slightly  milky;  the  whole  thrown  upon  a  filter  leaves 
a  white  gelatinous  precipitate  representing  less  than  one  per  cent 
of  the  mineral,  not  having  the  appearance  of  ceriufti  oxide,  but 
more  nearly  resembling  alumina;  it  is  readily  soluble  in  the  strong 
acids,  and  when  converted  into  a  sulphate  is  easily  dissolved  in 
cold  water,  which  on  heating  deposits  a  cobweb-like  flocculent  pre- 
cipitate with  all  the  characteristics  of  sulphate  of  thoria. 

In  fact,  the  above  new  method  of  separating  thoria  is  all  that 
can  be  desired,  as  I  have  subsequently  proved  by  experimenting 
with  pure  thoria. 

The  trace  of  cerium  present  will  go  with  the  thoria,  but  this 
can  only  be  detected  when  operating  on  a  large  quantity  of  the 
mineral. 
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After  separating  the  thoria  with  chlorine  gaa,  the  soluble  ox- 
ides are  acidulated,  and  precipitated  twice  by  oxalic  acid.  It  still 
contains  the.didymium,  and  this  by  fractional  precipitation  with 
ammonia  (in  a  manner  which  I  shall  describe  in  detail  in  a  forth- 
coming paper  on  the  analysis  of  the  columbates  and  tantalates) 
enables  me  to  condense  the  didymium  in  the  last  precipitate. 

I  reduce  the  didymium  present  in  the  oxide  to  one  or  two  per 
cent  without  much  difficulty ;  to  get  rid  of  it  completely  is  more 
tedious. 

The  oxide  (A)  thus  freed  from  thoria  and  didymium  oxide  is  of 
a  bright  chrome-yellow  color  and  differs  from  the  analogous  oxides, 
the  existence  of  which  is  recognized  by  chemists. 

1.  From  cerium  oxide  by  complete  solubility  in  dilute  nitric 
acid,  by  its  solubility  in  caustic  potash  supersaturated  by  chlorine 
gas,  by  the  greater  solubility  of  its  double  potash  sulphate  in  a  con-- 
centrated  solution  of  potash,  etc. 

2.  From  lanthanium  oxide  by  the  color  of  the  oxides;  by  the 
manner  of  the  combustion  of  the  oxalate,  never  carbonizing  in  any 
part,  which  the  lanthanium  oxalate  commonly  does,  and  complete 
combustion  of  its  oxalate  furnishing  no  carbonate  as  the  lantha- 
nium oxide  does;  the  same  relative  difference  in  regard  to  the 
double  potash  sulphate,  as  in  the  case  of  the  cerium  oxide ;  testing 
fractional  precipitates  of  the  oxalate  only  confirmed  still  further 
this  difference,  furnishing  no  evidence  even  of  the  presence  of  lan- 
thanium oxide^ 

3.  From  didymium  oxide  by  the  color  and  other  properties  of 
the  oxide  and  salts ;  also  similar  ground  of  difference  mentioned 
under  the  two  previous  heads ;  but  under  this  head  nothing  further 
is  necessary  to  determine  the  difference  than  the  peculiar  absorp- 
tion bands  of  didymium  in  the  bright  part  of  the  spectrum,  the 
new  earth  not  furnishing  any  bands.  As  the  earth  is  first  obtained, 
the  didymium  bands  are  always  visible,  but  this  impurity  has  been 
reduced  to  about  one  per  cent,  only  the  very  faintest  shadow  of  a 
band  being  seen  in  a  solution  of  the  oxide  (1  to  20),  one  centimetre 
thick. 

4.  From  erbium  oxide  by  its  color  (erbia  being  of  a  very  light 
rose  color),  and  by  the  more  ready  solubility  of  the  double  potash 
sulphate  solution,  and  by  other  chemical  properties  that  are  useless 
to  mention,  as  both  the  luminous  rays  and  absorption  bands  serve 
to  distinguish  erbia  from  this  and  all  other  earths. 
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5.  From  yttria  by  the  color  of  the  oxide  (yttria  being  nearly 
perfectly  white),  and,  by  being  less  readily  soluble  in  the  strong 
acid.  The  most  marked  difference  yet  noted  is  with  the  double 
potash  sulphate,  that  of  yttria  being  comparatively  readily  soluble 
in  the  potash  sulphate,  while  the  oxide  of  mosandrum  is  almost  as 
insoluble  as  the  sulphate  of  cerium  and  potash. 

The  only  earth  left  with  which  to  contrast  it  was  the  hypothet- 
ical terbia  of  Mosander,  and  so  far  as  I  could  compare  its  proper- 
ties with  those  that  the  supposed  terbia  was  said  to  possess  they 
w^ere  not  the  same;  and  besides,  the  existence  of  this  earth  has 
been  contested  by  MM.  Bahr  and  Bunsen,  and  by  MIVI.  Cleve 
and  Hoeglund.  I  therefore  felt  warranted  in  pronouncing  it  a  new 
earth,  and  so  stated  it  to  the  Philadelphia  Academy  of  Sciences, 
in  May,  1877,  and  in  a  sealed  package  to  the  French  Academy  of 
Sciences,  September  22,  1877. 

But  I  was  not  yet  prepared  to  name  the  earth,  and  in  the  moiith 
of  March,  1878  (Archives  des  Science  Phys.  et  Nat.,  15  Mars, 
1878),  I  read  two  communications  on  the  subject  of  terbia,  one  by 
M.  Delafontaine  and  one  by  M.  Marignac.  I  sent  some  of  the  new^ 
earth  and  its  nitrate  to  M.  Marignac,  desiring  to  obtain  a  specimen 
of  his  terbia,  upon  which  he  had  been  working,  this  last  he  was 
not  able  to  do,  as  he  possessed  as  yet  too  small  a  quantity  of  the 
terbia. 

A  little  before  the  arrival  of  the  earth  to  the  hands  of  M.  Mar- 
ignac, M.  Soret,  of  Geneva,  had  been  exi>erimenting  with  the  rays 
and  absorption  bands  of  various  substances  on  the  extra  violet 
rays,  in  a  manner  pointed  out  in  the  publication  of  his  researches,* 
and  published  the  results  obtained  by  experimenting  with  the 
earths  from  gadolinite,t  especially  upon  the  terbia  of  M.  Marig- 
nac. In  these  he  obtained  a  new  set  of  lines  that  could  only  be 
attributed  to  a  new  earth  and  not  to  terbia,  which  last  he  considers 
as  having  no  absorption  bands  in  the  luminous  or  ultra-violet  part 
of  the  spectrum. 

M.  Marii^nac  was  kind  enough  to  get  M.  Soret  to  submit  the 
earths  which  I  had  sent  him  to  the  same  spectroscopic  examina- 
tion, the  result  of  which  was  to  find  that  the  earth  corresponded 
exactly  with  his,  spectroscopically,  giving  the  terbia  without  ab- 

*  Archiv.  Sdence  Phys.  et  Nat.,  Geneva,  March,  1878,  p.  322.  Compt. 
Rend,  de  I'Acad.  Science,  Paris,  March,  1873,  p.  708. 

t  Compt.  Rend,  de  I'Acad.  Science,  Paris,  April,  1878,  p.  1064. 
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sorption  band,  mixed  with  an  earth  with  the  absorption  bands  of 
^0.  2  in  printed  diagram  accompanying  his  investigations  on  the 
gadolinite  earth.  This  spectroscopic  examination  confirming  what 
I  supposed  I  had  established  more  than  a  year  ago,  I  on  chemical 
ground  have  no  longer  delayed  in  giving  to  the  new  earth  the 
name  mosandra,  or  oxide  of  mosandrum,  in  honor  of  the  distin- 
guished chemist  whose  name  is  so  intimately  associated  with  the 
chemical  researches  on  this  class  of  earths.  Much  yet  remains  to 
be  done  to  separate  completely  the  mosandra  and  terbia,  but  as  I 
have  an  abundance  of  the  earth  it  reduces  itself  to  a  matter  of 
time  and  perseverance. 

It  is  an  interesting  fact  to  note  in  regard  to  what  are  called  the 
cerium  and  yttrium  groups  of  earths,  that  they  pass  insensibly  into 
each  other  in  relation  to  their  several  properties.  If  we  take  the 
action  of  concentrated  potash  and  soda  sulphates,  yttria  and  ceria 
are  at  the  two  ends  of  the  groups,  and  terbia  and  mosandra  in  the 
middle ;  if  we  take  their  spectroscopic  properties  we  find  didymia 
at  one  end  of  the  groups,  mosandra  in  the  middle,  and  terbia  at  the 
other  end,  giving  absorption  bands.  In  fact,  it  seems  to  need  these 
two  elements,  terbium  and  mosandrum,  to  complete  the  groups. 

Some  matters  of  an  historical  interest  in  connection  with  this 
discovery  can  be  found  in  the  Paquet  Cachete,  opened  at  the  French 
Academy  of  Science,  July  22d,  and  in  a  note  following  the  same. 
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NOTE  AU  SUJET  DE  L'  IlLEMENT  APPELE 
MOSANDRUM. 


Compt  Rend.,  Ixxxvii,  1878,  pp.  831-834. 

"Dans  une  Note  r^cemment  pr^sent^  k  TAcad^mie*,  M. 
Marignac  parait  croire  que  le  petit  specimen  d'  oxyde,  r^sultat 
d'  une  de  mes  pr^cipatations  fractionnaires,  que  je  lui  ai  envoy^, 
contient  une  quantity  tellement  grande  de  terbine,  qu'  on  devrait  le 
classer  avec  la  terbine. 

**Bien  pue  je  susse  parfaitement  que  j' exp^rimentais  sur  des 
terres  mixtes,  dont  V  une  6tait  differente  de  toutes  celles  que  ron 
peut  regarder  comme  bien  d^finies,  je  pref^rai  la  ref^r^r  k  la  ter- 
bine hypoth6tique,  jusqu'  a  ce  qu'on  eilt  appris  quelque  chose  de 
precis  sur  la  nature  et  les  reactions  de  la  terbine. 

"Mais  en  recevant  la  lettre  de  M.  Marignac,  du  4  Mai,  1878, 
dans  laquelle  il  m'  informait  que  M.  Soret  avait  examine  la  terre 
aux  rayons  ultra-violets  du  spectroscope,  il  ^crit. 

"  Aujourd'hui,  cet  examen  a  pu  etre  fait,  et  il  conflrme  entierement  mes 
provisions;  votre  terre  presente  la  meme  raie  d' absorption,  voisine  de  H, 
que  ma  terbine.  Elle  offre  aussi  toutes  les  raies  que  nous  avons  etc  conduits  k 
attribuer  a  la  quatrieme  terre  (encore  non  nommoe)  de  1'  yttria,  mais  notable- 
ment  plus  faible  que  ma  terbine." 

**  Les  choses  etant  ainsi,  et  en  m'appuyant  sur  les  observations 
de  MM.  Marignac  et  Soret,  je  n'  h^sitai  pas  davantage  k  donner  le 
nom  d*  oxyde  de  mosandrutn  k  cette  quatridme  terre,  existant  dans 
celles  que  j'avais  cxperimentees  pendant  plus  d*un  an  et  denii 
comme  pr^sentant  de  nouveaux  caract^^res  et  dont  je  m'occupe 
encore. 

**Le  31  D<!icembre,  1877,  M.  Delafontaine  m'annon9ait  qu'il 
croyait  aussi  avoir  trouv6  une  nouvelle  terre  dans  ce  qu'on  appelle 
le  groups  yttria  de  ces  oxydes.     C*  est  de  cette  terre  que  parle  M. 

•Comptcs  Rendus,  aout  1878,  p.  281. 
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Marignac ;  mais  il  ne  V  a  pas  encore  examine,  car,  dans  le  para- 
graphe  final  de  sa  Note  ^  FAcad^mie  des  Sciences,  en  discutant 
r  exactitude  de  mes  conclusions  au  sujet  de  la  terre  X,  il  dit: 

"  II  rcste  k  etablir,  par  des  recherchea  ulterieures,  si  cette  terre  X  exists 
bien  reellement,  si  elle  est  identique,  comme  nous  le  supposons,  avec  celle 
dont  M.  Delafontaine  a  sign  ale  1'  existence  dans  la  samarskit. "  * 

**  Maintenant,  si  la  deduction  de  V  examen  spectroscopique  de 
M.  Soret  ne  doit  pas  6tre  consid^r^e  comme  bien  6tablie,  il  nous 
faut  attendre  jusqu'4  ce  que  les  differentes  terres  en  question 
soient  obtenues  chimiquement  pures  ou  k  peu  pr6s. 

**Afin  de'  ^^tablir  clairement  devant  TAcad^'mie  la  nature  de  mes 
pretentions  au  sujet  decertaines  des  terres  contenues  dans  le  mineral 
samarskite,  il  est  important  que  j'indique  les  dates  auxquelles  j'ai 
public  les  rdsultats  de  mes  recherches. 

**  ler  Mai,  1877  f. — Je  publiais  les  r^sultats  de  mes  travaux  sur 
les  niobates  am^ricains,  en  observant  deux  nouveaux  min6raux 
dans  ce  groupe ;  j'attirais  ^galement  Tattention  sur  ce  fait,  que  les 
terres  classics  dans  le  groupe  cerium  de  la  samarskite  ne  contien- 
nent  que  peu  ou  point  de  cerium. 

"  8  Mai,  18771- — J'annon9ais  k  TAcad^mie  des  Sciences  de  Phila- 
delphie  que  j'avais  d^montr^  Tabsence  de  cerium  et  la  pr^^sence  de 
ce  que  je  consid^re  comme  une  nouveUe  terre  dans  le  mineral  samar- 
skite. 

^'Maif  1877  §. — ^Je  remettais  entre  les  mains  du  professeur 
James  D.  Dana,  ^diteur  d^  V American  Journal  of  Sciences,  un  paquet 
cachet^  contenant  la  copie  d'une  lettr6  adress^e  a  M.  Delafontaine 
le  5  Mai,  1877,  et  dans  laquelle  je  lui  donnais  un  compte  rendu 
detains  de  la  nature  de  mes  experiences  et  de  ma  nouvelle  mani^re 
d'isoler  la  thoria,  par  V  hyperchlorate  de  potasse,  des  autres  constit- 
uants  de  la  samarskite.  D'aprds.mes  premieres  recherches,  elle 
contenait  environ  ^  pour  100  de  cette  terre,  ainsi  qu'un  peu  de 
didymium.     Voici  un  extrait  de  cette  lettre : 

"J'ai  soumis  A  une  foulo  d'experiences  cette  partie  des  oxydes  de  la  sam- 
arskite, et  le  resultat  de  mes  recherches  est  que,  tandis  aue  les  terres  precip- 


*  M.  Delafontaine  parlait  de  la  phillippine,  qu'il  a  decrite  depuis,  et  dont 
le  sulfate  sodicophilippique  est  meme  plus  soluble  que  le  sol  correspondant 
de  I'erbia  (Compies  Reiidus,  t.  Ixxxvii,  Octobre,  1878,  p.  560). 

tAmerican  Journal  of  Sciences,  Mai,  1877. 

J  Proceedings  Academy  of  Sciences,  Philadelphia  8  Mai,  1877. 

J  Paquet  cachete  depose  entre  les  mains  du  professeur  J.  D.  Dana. 
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it6es,  comme  les  oxydes  de  cerium  par  les  sulfates  de  potasse  ou  de  soude,  ne 
contiennent  qu'en  petite  quantity  les  oxydes  de  thorium  et  de  didymium,  et 
peut-ctre  aussi  de  lanthanum  et  de  cerium,  sa  masse  est  une  nouvelU  ierre 
appartenant  a  cette  classe  de  precipites,  terre  que  j'ai  deja  annoncee  et  sig- 
nalee,  au  professeur  Dana  dans  une  lettre  particuliere,  destinee  k  n'etre  pub- 
lico qu'alors  que  je  serai  ahsolument  certain  que  je  ne  me  trompe  pas." 

"22  Septembre,  1877*. — Je  d^posais  a  TAcad^mie  des  Sciences 
de  Paris,  un  paquet  cachets  contenant  le  r^sum^  de  ce  qui  pr6c6de- 
"  Les  dates  ci-dessus  indiquent  mes  documents  public  et  les 
informations  officielles  et  in^dites,  en  ce  qui  concenie  les  terres  con- 
tenues  dam  la  samarskite  precipUee  d'une  solution  conceiitree  de  nitrcUe 
ou  de  chloride  par  une  solution  concentrce  de  sulfate  de  potasse  ou  de  soude^ 
avec  un  excls  de  sets  ajoutes  au  melange,  lesquelles,  aprcis  isolement  de 
toutes  traces  d'  yttria  et  d'  erbia,  ont  donn^  des  oxydes  de  differen- 
tes  couleurs  lorsqu'on  les  a  trait^es  par  les  pr^cipit^s  fractionnaires, 
et  dont  Tune  au  moins,  appel^e  par  moi  mosandrum,  est  nouvelle. 

'*  Certain  d^s  lors  que,  jusqu'd  ce  qu*on  ait  decouvert  une  bonne 
methode  d'isoler  les  terres,  meilleure  que  celles  qui  sont  actuelle- 
ment  en  pratique,  peu  de  progr^s  seraient  faits  dans  T^tude  de  ces 
terres  dont  T  accumulation  est  si  rapide  (d'aprC's  les  recherches 
r^centes  du  professeur  Delafontaine),  mon  attention  s'est  toum^ 
vers  r  accumulation  des  mati^res  et  la  methode  d*  isolement. 

**J'en  ai,  en  ce  moment,  600  ou  800  grammes,  et  j'ai  fait  choix 
de  la  methode  de  precipitation  fractionnaire  par  V  ammoniaque. 

"  Nous  ne  devons  pourtant  pas  esp^rcr  obtenir  tr^-rapidement 
des  r^sultats  positifs  au  sujet  de  ces  terres,  attendu  que  la  terbia, 
que  nous  connaissons  depuis  si  longtemps,  est  encore  k  T^tat  d'  in- 
certitude, et  que  m^me  la  didymia,  que  nous  avons  depuis  quelque 
temps  consid^ree  comme  si  bien  d^finie,  menace  d'etre  subdivis^e  en 
d'  autres  terres. 

"Un  mot  au  sujet  de  M.  Delafontaine,  et  de  ses  recherches  sur 
les  terres  de  la  samarskite.  II  est  Evident  qu'il  s'occupait  de  cette 
etude  ind^pendamment  de  moi  et  que  nous  avons  a  nous  f^liciter  de 
voir  que  cette  etude  est  tomb^e  entre  les  mains  d'un  el^ve  si  habile 
du  chimiste  distingue,  M.  Marignac,  dont  je  considere  les  recher- 
ches dans  la  Chimie  minerale  comme  un  module  de  precision  a 
citer  comme  exemple  a  nos  jeunes  chimistes. 

"J'ajouterai  queje  ne  cor^siddre  en  aucune  maniere  M.  Dela- 
fontaine comme  empietant  sur  mes  recherches ;  je  me  suis  mis  et 

•Comptes  Rendus,  1877,  2«  semestre;  t.  Ixxxvii,  p.  46. 
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me  mets  encore  a  sa  disposition,  pour  fournir  a  mon  Eminent  com- 
patriote  et  confr(3re  toutes  les  mati^res  brutes  de  nature  k  faciliter 
ses  recherches.  Je  ne  doute  pas  que,  dans  un  temps  donn^,  nous 
ne  recevions  de  lui  des  renseignements  precis  sur  les  nouveaux 
6l6ments  qu'il  a  signal ^s. 

''Quant  6  moi,  je  reclame  simplement  la  priority  pour  avoir 
appel6  1'  attention  du  monde  scientifique,  par  des  documents  publics 
et  autres,  sur  V  absence  de  Y  oxyde  de  cerium  et  sur  les  nouveaux 
caract(ires  de  certaines  des  terres  existant  dans  le  mineral  samar- 
skite,  et  pour  en  avoir  signals  parmi  elles  une  nouvelle,  que  j'ai 
appel^e  mosandrum" 
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SILICIURE  DE  FER. 


Compt  Rend.,  Ixxxvii,  1878,  pp.  926-929. 

**Le  specimen  de  fer  sur  lequel  je  desire  appeler  F  attention  est 
en  ma  possession  depuis  deux  ou  trois  ans,  mais  c'est  seulement 
tout  r^cemraent  que  je  Y  ai  examine  d'  une  fa^on  s^rieuse.  Mon 
attention  avait  €U  appel6e  sur  lui  par  un  bijoutier  qui  V  avait  en  sa 
possession. 

**  C  est  une  pi^ce  defonte  ayant  la  forme  d*  un  lingot  des  hauts- 
fourneaux.  Sa  surface  brillante  appelait  sp^cialement  mon  atten- 
tion. II  r^istait  a  presque  tons  les  agents,  sauf  k  Tacide  fluorhj- 
drique,  a  la  sonde  caustique  et  a  la  potasse  fondues,  et  chaufi^s  au 
rouge  (la  masse  en  fusion  <^tant  subs^quemment  soluble  dans  les 
acides).  L'acide  chlorhydrique  attaque  le  fer  l^g^rement,  en  d&- 
gageant  un  pen  de  gaz. 

*  *  La  masse  p^se  a  pen  pr^s  3  kilogrammes.  C*  est  ^videmment 
une  partie  d'  une  masse  plus  considerable.  Sa  couleur  est  a  peu 
pr6s  celle  du  platine,  et  son  poids  sp^cifique  est  6,50.  Le  fer  est 
v^siculeux  et  tr^-friable,  se  cassant  facilement  sous  le  marteau ;  il 
fond  a  la  temperature  approximative  de  la  fonte,  et,  si  on  le  chaufiTe 
plus  haut,  il  brOle  avec  une  flamrae  tr^-vive. 

"L'acide  nitrique  bouillant  dissout  seulement  quelques  milli- 
grammes, ne  changeant  pas  la  surface;  Tacide  chlorhydrique 
r  attaque  un  peu,  et  Teau  regale  un  peu  plus. 

**  Je  pla9ai  un  petit  morceau  de  la  masse  dans  un  flacon  bouch6 
^  r  emeri  et  con  ten  ant  du  bromey  en  en  laissant  une  partie  au-dessus 
de  la  surface  du  liquide.  II  pesait  originairement  2  gr  ,765,  et, 
apr^  une  action  de  trois  mois^  je  le  retirai  parfaitement  brillant  et 
avec  une  augmentation  de  poids  de  0  gr  ,002.  Cette  l^g^re  aug- 
mentation etait  sans  doute  produite  par  le  brome,  qui  avait  p^n^tr^ 
dans  quelques  pores  et  y  avait  trouv^  un  peu  de  fer  avec  lequel  il 
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8*  6tait  combin6.  Je  r^p^tai  V  experience  avec  de  V  iode,  et  le  r6- 
sultat  fut  le  m^me. 

'*  JMntroduisis  aussi  un  morceau  de  la  m^me  masse,  pesant 
4  gr  ,620,  dans  un  flacon  contenant  du  chlore  et  quelques  gouttes, 
d'eau;  je  le  laissai  ainsi  trois  twow,  et,  quand  je  Ten  retirai,  il  pesait 
4  gr  ,390,  ayant  done,  perdu  0  gr  ,230,  soit  environ  5  pour  100  de 
son  poids  originaire.  En  le  traitant  par  V  acide  fluorhydrique,  il  se 
dissout,  laissant  un  r^sidu  de  0,6  pour  100  de  graphite.  L'  hydro- 
g^ne  d6geig6  n'avait  aucune  odeur  d'hydrocarbure  et  d^mon trait 
ainsi  V  absence  de  charbon  combing. 

'*  Je  fis  des  analyses  de  fragments  detaches  de  diff^rentes  parties 
de  la  masse  originale,  en  pulv^risant  fincmeut  le  fer,  auquel 
j'  ajoutai  2  parties  de  soude  caustique  et  2  parties  de  carbonate  de 
potasse.  En  le  fondant  dans  un  creuset  d'  or  et  en  le  chaufiant  au 
rouge,  Taction  fut  ^nergique  et  un  gaz  inflammable  s'^chappa  de  la 
masse  en  fusion. 

**Apr^  que  toute  action  eut  cess^,  je  laissai  refroidir  la  masse  et 
la  traitai  par  T  acide  chlorhydrique.  Le  contenu  du  creuset  fut 
compietement  dissous,  le  peu  de  graphite  qui  8*y  trouvait  ayant  ^t^ 
oxyd6  par  la  soude  caustique  en  fusion.  En  com  platan  t  alors 
T  analyse  par  la  m^thode  ordinaire,  j'obtins  le  r^sultat  suivant : 

Fer 84.021 

Silicium 15.102 

Graphite 0.601 

Manganese traces 

99.723 
**  La  difference  de  composition  entre  les  morceaux  examini^s  6tait 
tr^l^g^re,  le  silicium  variant  seulement  de  0,1  a  0,2  pour  100. 

**  Le  r^sultat  de  mon  investigation  est  done  que  cette  masse 
m^tallique  est  un  fer  silicic  remarquablement  riche  en  silicium  et 
qu*  elle  est  ^videmment  le  produit  d'  un  haut-fourneau. 

**  Quant  k  son^origine,  tout  ce  que  je  puis  dire,  c'est  que,  dans 
les  environs  immMiats  de  Tendroit  od  elle  fut  trouv^e,  il  n'y  a 
pas  de  hauts-fourneaux ;  mais  on  en  rencontre  a  quelques  milles 
de  distance,  et  a  environ  100  milles  se  trouve  un  haut  -  foumeau 
qui  a  fourni  au  commerce  du  fer  contenant  jusqu'  a  8  pour  100 
de  silicium  et  qui  avait  dH  cesser  sa  production  pour  cette  mdme 
raison,  parce  qu'^  ce  moment  il  n'y  avait  pas  d'emploi  pour  du 
fer  riche  en  silicium,  ce  fer  6tant  consid^r^  comme  de  quality 
inf4§rieure. 
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**0r  il  est  a  peine  possible  qu'^  un  moment  donn^  ce  haut- 
fourneau  ait  produit  Ic  fer  qui  nous  occupe,  quoique  je  ne  pui^se  lui 
assigner  au<nine  autre  origine  et  que  je  n*aie  jamais  vu  aucune 
autre  pi^e  de  semblable  m^tal.  J'ai  questionn^  d'autres  m^tal- 
lurgistes  et  je  n'  ai  pas  appris  qu'  aucun  d'  eux  ait  jamais  rencontr^ 
pareil  produit  provenant  de  hauts-fourneaux. 

**Quoi  qu'il  en  soit,  j'ai  vu  plus  r^cemment  une  masse  de 
m6me  genre  et  d'  un  poids  a  peu  prds  ^gal  dans  la  collection  de  fers 
m^t^oriques  du  professeur  Shepard,  a  Amherst ;  elle  provenait  de 
la  partie  nord-ouest  de  la  Caroline  du  Nord.  Ne  pouvant  en  de- 
terminer r  origine,  il  lui  attribuait  une  source  m^t^orique.  Aus- 
sitdt  que  j'eus  Qompl^t^  mon  examen  du  fer  ci-dessus  d^rit,  je 
revins  6  la  description  du  siliciure  m^t^orique  faite  par  M.  Shep- 
ard *  et  je  constatai  son  analogie  avec  mon  specimen ;  j'  en  soumis 
quelques  fragments  que  m'  avait  envoy^s  M.  Shepard  aux  ^preuves 
d6ja  d6crites  et  je  fus  confirm^  dans  mon  opinion. 

**  Je  pr^sumais  que  la  masse  devait  ressembler  en  tous  points  6 
la  mienne  et  ce  fut  en  eflfet  le  cas  lorsque  je  Y  examinai  quelques 
mois  apr^s.  Seulement  sa  structure  6tait  un  peu  moins  v^siculaire, 
sa  forme  ^tant  la  m6me  d'  ailleurs,  6  savoir  celle  d'  un  fragment  de 
fonte  brute  provenant  d'un  haut-fourneau  et  pr^ntant  4  chaque 
bout  une  surface  fractur^e. 

"  La  d^couverte  accidentelle  de  ces  masses  de  siliciure  de  fer 
n'est  pas  sans  une  signification  importante,  car  elle  d^montre  qu'on 
pent  produire  sur  une  grande  6chelle  du  fer  con  ten  ant  une  propor- 
tion de  silicium  beaucoup  plus  forte  qu'  on  n'  en  a  jamais  produit 
dans  les  operations  de  laboratoire  et  au  moins  deux  fois  plus  forte 
que  celle  con  ten ue  dans  le  silicoferromangan^se  de  Terre-Noire- 

'*  Je  ferai  remarquer  que,  si  dans  cet  alliage  le  mangan^e  g^ne 
le  fer  en  emportant  avec  lui  plus  de  silice,  il  serait  peut-^tre  pref- 
erable de  laisser  de  c6te  le  manganese  et  d'enrichir  T  alliage.de  sili- 
cium, et  d'  introduire  le  manganese  par  le  ferromangan^  si  bien 
connu,  en  y  ajoutant  la  quantite  convenable  des  alliages  separes  au 
moment  de  la  conversion  du  fer  en  acier,  car  la  valeur  du  silicon 
pendant  le  chaufiage  ne  saurait  etre  trop  estimee.  Et  si  nous  pou- 
vions  en  mfirae  temps  allier  de  V  aluminium  au  fer,  nous  introduir- 
ions  un  agent  precieux  pour  eiiminer  le  phosphore  des  fers,  car  le 
sesquioxyde  d' aluminium    une   fois   combine  avec  Tacide   phos- 


*  American  Journal  of  Sciences,  t.  xxviii,  p.  269,  1869. 
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phorique  r^siste  tr^-fortement  ^  toute  esp^e  de  d^omposition,  de 
sorte  que  le  phosphore  s'  ^happerait  de  V  acier  avec  le  laitier. 

''  Un  ^bantillon  de  ce  fer  silici6  a  ^t^  soumis,  au  laboratoire  de 
r  Ecole  Normale,  k  Y  action  du  chalumeau  k  gaz  de  V  6clairage  et 
oxyg^ne.  II  s'  est  comports  exactement  comme  le  siliciure  d^  fer  k 
15  pour  100  dans  les  experiences  de  MM.  Troost  et  Hautefeuille ; 
il  a  pr^sente  le  m^me  aspect  qu'  un  culot  d'  argent ;  il  n'  ^mettait 
aucune  ^tincelle.  Un  lingot  de  fonte  tr^-carbur^e  soumis  imm4d- 
iatement  k  la  m^me  flamme  s'est  afSu^  en  lan9ant  de  tr^s-nom- 
breuses  ^tincelles." 

22 
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SUR  DES  CRISTAUX  EXTRAITS  DE  LA  FONTE 
DE  FER  PAR  L'ETHER  OU  LE  PETROLE. 


CompL  Bend.,  vol.  Ixxxviii,  1879,  pp.  888-900. 

**En  poursuivant  nies  recherches  sur  certains  composes  sulfur^s 
que  renferme  le  graphite  du  fer  m^t^orique  (des  holosiddres)*,  j'ai 
6t6  conduit  k  etudier  le  produit  artificial  connu  sous  le  nom  de^bnto 
defer,  Celle-ci,  comme  les  fers  m^t^oriques,  contient  du  graphite, 
et  Ton  admet  que  cette,  substance  doit  son  6tat  d'extr^me  division 
k  la  mani^re  dont  elle  a  6t^  s^par6e  de  sa  dissolution  dans  le  m^tal 
fondu  au  moment  oil  celui  ci  prenait  Tetat  §olide. 

**  N'ayant  pas  k  ma  disposition  de  procM6  propre  a  isoler  une 
quantity  un  peu  notable  de  ce  graphite,  j'ai  fait  raes  experiences 
sur  la  fonte  elle-m^me,  pr^alablement  r^duite  en  fines  particules  k 
Taide  d'un  outil  approprie.  Si  Ton  agite  ce  fer  ainsi  divis^  avec  de 
rather  OU  du  petrole,  ou  si,  plus  simplcment,  on  fait  ruisseler  Tun 
de  ces  dissolvants  au  travers  de  la  limaille  plecoe  dans  un  long 
tube  de  verre,  on  observe  ensuite,  par  T^vaporation  sponlan^  du 
liquide,  la  formation  de  cristaux  aciculaires  absolument  semblables 
k  ceux  que  donne  le  graphite  mC't^orique.  La  quantity  de  ces 
cristaux  varie  avec  les  qualit^^s  de  fonte  employees,  mais  elle  r^ussit 
avec  la  plupart  d'entre  elles  si  Ton  op^re  sur  20  k  50  grammes  de 
poudre  m(}tallique.  Je  me  suis  d'ailleurs  assure  de  la  puret^  de 
Tether  et  du  petrole  dont  je  faisais  usage.  Chaufi^s  dans  un  tube, 
les  cristaux  qui  nous  occupant  fondent  rapidement.  Sous  Tinfluence 
d'une  temperature  plus  eievee,  ils  se  volatilisent  en  laissant  un 
r^sidu  charbonneux  g^neralement  plus  faible  que  celui  des  cristaux 
m^teoritiques.  La  partie  principale  de  la  substance  consiste  en 
soufre. 

'*A  la  suite  de  mes  experiences,  M.  Berthelot  m'apprit  qu'il 
avait,  de  son  c6te,  obtenu  des  cristaux  semblables  en  traitant  des 
sulfures  de  fer  artificiels  ou  naturels  (protosulfure,  bisulfiire,  pyr- 

^Comptea  RenduSy  t.  Ixxxii,  p.  1042. 
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rhotine,  etc.)  par  Father  ou  Falcool,  et  qu'il  ^tait  port^  k  attribu^r 
la  prince  du  carbone  au  dissolvant  employ^.  Je  ne  vols  cepen- 
dant  pas  comment  on  expliquerait  ainsi  la  proportion  variable  de 
carbone  associ^e  au  soufre,  suivant  les  mati^res  soumises  k  I'experi- 
ence,  et  qui  est  relativement  si  grande.pour  la  m^t^rite  d'Orgueil. 
Je  crois  done  devoir  r^server,  quant  k  present,  toute  explication  k 
cet  6gard. 

"II  faudrait,  pour  r^oudre  la  question,  r^p^ter  la  reaction  avec 
des  dissolvants  dans  la  constitution  desquels  il  u'entrerait  pas  de 
carbone;  mais  cette  condition  est  pour  le  moment  irr^alisable. 
En  tons  cas,  le  fait  saillant  sur  lequel  je  desire  appeler  aujourd'hui 
Tattention  de  1* Academic,  c'est  que  la  fonte  finement  divis^e,  sou- 
mise  a  Taction  de  Tether  ou  du  p^trole,  leur  fournit  immMiatement 
une  mati^re  soluble  consistant  principalement  en  soufre  et  cristal- 
lisant  en  fines  aiguilles,  semblable  k  la  mati^re  que  j'ai  s^par^e  du 
graphite  m^t^oritique. 

"II  est  Evident  que  le  soufre  de  cette  substance  existe  k  T^tat 
de  liberty,  puisque  la  solution  a  lieu  a  la  suite  d'un  simple  contact 
de  quelques  minutes  entre  la  fonte  et  le  liquide.  Le  soufre  (^tait-il 
libre  dans  Tint^rieur  de  la  masse  du  fer  avant  sa  subdivision  ou 
est-il  form^  par  le  contact  de  Tair  avec  le  sulfure  contenu  dans  la 
fonte?    Cette  question  n'est  pas  encore  r^solue/* 
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FIGURES  DE  WIDMANNST^TTEN 

SUR  LE  FER  ARTIFICIEL. 


Oompt  Rend.,  vol.  Ixxxviii,  pp.  1124,  1125. 

**Ces  figures,  qui  sont  d^velopp^es  par  raction  de  Tacide  sur  une 
surface  polie  des  fers  m^t^riques,  out  6t^  ordinairement  consid- 
6r^es  comme  caract^ristiques  des  fers  m^t^oriques,  quoique  certaius 
d'entre  eux  (ceux  m^nie  qui  ont  la  structure  la  plus  cristalline, 
comme  le  fer  de  Sevier  County,  Tennessee)  ne  fournissent  pas  ces 
figures,  d^^montrant  que  leur  structure  cristalline  n'est  pas  la  seule 
cause  de  leur  production. 

**  Un  produit  artificiel  d'un  alliage  de  fer,  de  nickel,  etc.  (sem- 
blable  au  fer  m^t^orique),  donnait  a  M.  Daubree  {Oomptes  Rendus, 
t.  Ixii,  p.  371 ;  1866)  ces  memes  figures,  et  plus  tard,  M.  Meunier 
obtenait  le  m^me  r^sultat  sur  un  alliage  semblable  obtenu  en 
d^composant  un  melange  de  chlorures  de  fer  et  de  nickel. 

**  Dans  r^chantillon  que  je  pr^sente  a  FAcademie,  il  n'y  a  qu'un 
seul  mC^tal,  mais  il  est  associ^  avec  du  silicium.  La  mati^re  em- 
ployee etait  un  morceau  de  r^chantillon  remarquable  de  siliciure 
de  fer  que  j'ai  d^crit  Tan  dernier  (Comptea  Rendus^  t.  Ixxxvii, 
p.  926;  1878). 

"Quand  on  fond  ce  siliciure  de  fer  sur  un  morceau  de  chaux 
par  le  chalumeau  a  gaz,  et  qu'on  le  laisse  refroidir,  imm^diatement 
il  se  solidifie  sans  oxydation  et  sans  aucune  apparence  cristalline 
soit  sur  la  surface,  soit  dans  les  cavit^s  de  Frnt^rieur.  Mais,  si  Ton 
retient  le  fer  en  fusion  pendant  quinze  ou  vingt  minutes  avec  acc^ 
d'oxyg^ne  en  excds,  une  esp^ce  de  coupellation  aura  lieu,  avec 
oxydation  d'une  portion  du  silicium,  la  silice  form^  se  combinant 
avec  la  chaux. 

*'Le  bouton  du  m^tal,  en  se  refroidissant,  est  sans  oxydation 
et,  vu  avec  la  loupe,  pr^sente  une  surface  r^ticul^.     Si  la  surface 
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est  polie  et  la  masse  plong^e  dans  de  Facide  nitrique  chaud,  apr^ 
un  peu  de  temps,  quelques  milligrammes  seront  dissous,  et  il  sera 
d^velopp6  sur  la  surface  des  lignes,  tr^s-d^licates  et  tr^s-nettes, 
semblables  aux  figures  de  Widmannstaetten ;  elles  ne  sont  pas  tout 
k  fait  si  bien  marquees  que  celles  du  fer  de  Dickson  County,  mais 
elles  leur  ressemblent  beaucoup,  ce  dernier  ayant  aussi  les  lignes 
r^ticul^es  a  Fext^rieur. 

*'Je  note  ce  fait  pour  faire  voir  que  le  fer  artificiel,  sans  la 
presence  d'aucun  autre  m^tal,  pent  ressembler  au  fer  m^t6orique 
en  donnant  ces  figures;  maintenant  nous  avons  les  alliges  de  fer 
et  de  nickel  faits  respectivement  par  MM.  Daubr^e  et  Meunier,  le 
fer  nickels  d'Ovifak  et  le  siliciure  de  fer  qui  donnent  les  figures  de 
Widmannstaetten." 


Digitized  by 


Google 


HIDDENITB,  AN  EMERALD-GRBEN  VARIETY 
OF  SPODUMENE. 


Amer.  Jour,  Sdervue,  xxi,  1881,  pp.  128-130. 

The  new  variety  of  spodumene  described  in  this  paper  was  dis- 
covered about  five  years  since  on  the  iarm  of  Mr.  Warren,  in  Alex- 
ander County,  North  Carolina,  one  of  the  western  counties  of  the 
State,  which  counties  have  furnished  within  a  few  years  so  manj 
interesting  minerals,  including  the  samarskite.  Shortly  a^r  its 
discovery  some  crystals  came  into  the  hands  of  Mr.  Stephenson,  of. 
Statesville,  the  best  of  which  he  sent  to  Mr.  N.  Spang,  of  Pitts- 
burgh. Subsequently  he  showed  others  of  them  to  Mr.  W.  E. 
Hidden,  a  very  enterprising  collector  of  the  minerals  of  this  region, 
and  from  him  I  obtained  all  the  specimens  examined,  as  well  as  my 
information  in  regard  to  their  mode  of  occurrence.  The  crystals 
were  first  found  very  sparingly  and  loose  in  the  soil,  but  Mr.  Hid- 
den, having  leased  the  locality  and  carried  on  a  systematic  explor- 
ation, has  discovered  the  mineral  in  sita^  and  obtained  many  fine 
crystals. 

Up  to  the  time  when  my  attention  w^as  called  to  the  mineral  it 
was  considered  diopside,  a  reasonable  conclusion  considering  the 
imperfect  character  of  the  crystals  that  had  been  found.  A  blow- 
pipe test,  and  a  determination  of  its  specific  gravity  showed  me  that 
it  was  not  diopside,  but  an  unusual  variety  of  spodumene. 

Mode  of  occurrence, — In  the  absence  of  any  drift  formation  in 
this  region  it  is  evident  that  all  the  minerals  found  here  detached 
and  loose  in  the  soil — as  most  of  them  are — were  furnished  by  the 
rocks  beneath.  The  soil  has  been  formed  by  the  decomposition  of' 
these  rocks,  and  surface  washings  have  caused  only  small  displace- 
ment of  the  mineral  from  its  original  locality.  The  rocks  are 
metamorphic  and  are  mostly  gneiss  and  mica  schist. 

The  vein  bearing  the  spodumene  crystals  runs  almost  due  east- 
and-west  across  the  bedding,  and  dips  at  an  angle  of  70^.     It  is 
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only  a  few  inches  wide  and  two  feet  in  lateral  extension,  being  in 
fact  a  kind  of  chimney.  There  are  other  similar  veins  in  the 
vicinity,  but  it  is  only  in  this  one  that  the  crystals  have  yet  been 
found.  The  walls  of  this  contracted  vein  contain  crystals  of  quartz, 
mica,  rutile,  beryl,  and  orthoclase.  The  beryls  are  very  fine,  and 
may  yet  be  found  sufficiently  colored  to  be  valuable  as  gems.  The 
vein  does  not  come  to  the  surface  but  commences  about  eight  feet 
below  it,  as  a  narrow  seam  of  hard  kaolin,  and  in  this  kaolin  lies 
the  spodumene  ;  the  vein  so  far  as  yet  explored  having  undergone 
alteration.  One  end  of  the  crystals  is  almost  invariably  broken ; 
but  they  are  sometimes  imbedded  in  quartz  crystals  and  are  perfect 
in  form;  others  occur  attached  to  the  sides  of  the  quartz.  The 
vein  has  been  worked  to  a  depth  of  twenty-three  feet,  without  any 
material  change  in  its  character. 

Color, — The  mineral,  which  is  always  transparent,  ranges  in 
color  from  colorless  (very  rare)  to  a  deep  emerald-green ;  sometimes 
the  entire  fragment  has  a  uniform  green  color,  but  generally  it  is 
more  intense  at  one  of  the  extremities. 

Ory8taUi2ation.-^The  crystals  are  very  frequently  twins,  rarely 
fourlinifs.  They  are  often  terminated  at  one  extremity,  but  the 
planes  are  dull  and  curved,  so  that  good  measurements  can  not  be 
made.  Sometimes  single  crystals  are  terminated  by  the  planes  2-i 
ojAy,  but  the  planes  2,  2-1  and  0  are  common.  The  prisms  i^,  1 
and  t-2  are  common  and  deeply  striated.  The  crystal  which  is  sup- 
posed to  be  a  fourling'has  two  sharp  projecting  edges  in  the  ter- 
mination crossing  each  other.  The  largest  crystal  yet  found  is  2J 
inches  in  length,  but  very  thin  ;  the  average  size  is  about  half  an 
inch  long  by  three  sixteenths  thick. 

Professor  E.  S.  Dana  has  kindly  furnished  me  with  additional 
observations,  made  on  some  imperfect  crystals,  which  I  add  here. 
**The  crystals  occur  in  slender  prismatic  forms,  showing  in  the 
prismatic  zone  the  two  pinacoid  planes,  also  t-f ,  J,  i-2\  t-3^ ;  in  this 
zone  the  crystals  are  deeply  striated,  and  are  flattened  in  the 
direction  of  the  inclined  lateral  axis.  The  terminal  planes  are 
uniformly  rough  and  uneven,  so  much  so  that  no  satisfactory  deter- 
mination of  their  symbols  can  be  made ;  they  often  form  an  edge, 
as  the  continuation  of  the  front  prismatic  edge,  and  this  is  rounded 
over  the  whole  top  of  the  crystal.  Some  of  the  crystals  are  twins 
vith  the  orthopinacoid  as  the  composition-face.  An  interesting 
feature  of  the  crystals  is  the  occurrence  of  depreamm  in  the  pris- 
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matic  planes  I,  both  the  natural  planes  and  those  due  to  cleavage. 
These  figures  are  shaped  something  like  a  sharp  wedge ;  they  are 
inclined  at  a  small  angle  to  the  front  prismatic  edge  and  in  an 
inverted  position  to  that  behind.  In  the  twin  crystals,  however, 
they  point  upward  both  in  the  front  and  behind,  in  consequence  of 
the  inverted  position  of  the  other  half  of  the  crystal.  Great  num- 
bers of  these  figures  are  sometimes  seen,  occasionally  very  minute 
and  much  crowded  together.  The  prismatic  cleavage  is  remarkably 
perfect,  yielding  surfaces  of  the  highest  luster." 

The  hardness  across  the  crystal  is  equal  to  that  of  the  emerald 
and  on  the  prismatic  faces  from  6.5  to  7.  The  specific  gravity,  as 
taken  from  various  good  specimens,  varies  from  3.152  to  3.189. 

Its  behavior  before  the  blow-pipe  is  the  same  as  that  of  other 
forms  of  8jx)dumene.  When  heated  to  redness  in  the  flame,  but  not 
fused,  it  loses  its  color,  but  on  cooling  regains  it — a  reaction  analo- 
gous to  that  afforded  by  the  emerald.  I  have  as  yet  in  vain  sought 
for  the  cause  of  the  color.  I  have  employed  all  the  necessary  care 
in  examining  for  chromium,  but  have  found  no  indication  of  its 
presence.  In  an  examination  made  for  vanadium,  the  result  of  an 
experiment  with  two  grammes  of  green  material  was  lost.  This 
behavior  in  the  flame — losing  its  color,  and  recovering  it  again  on 
cooling — belongs  as  well  to  chromium  as  to  vanadium. 

Composition, —  A  careful    analysis  yielded    me   the    following 

results : 

Silica   '. 64.35 

Alumina    28.10 

Ferric  oxide 0.26 

Lithia 7.05 

Soda 0.60 

Loss  by  heat 0.16 

100.40 
The  specimen  analyzed  was  of  the  paler  variety.     There  is  a 
trace  of  potash  in  the  soda. 

The  crystals  when  cut  and  polished  resemble  the  emerald  in 
luster,  though  the  color  is  not  so  intense  as  in  the  finest  variety  of 
the  latter  gem.  There  is  reason  to  hope  that  further  explorations 
may  bring  to  light  crystals  of  a  size  and  beauty  that  will  make 
them  valuable  as  gems,  and  for  this  reason  I  have  thought  it  proper 
to  give  this  variety  of  spodumene  a  distinct  name.  I  therefore 
propose  the  name  of  Hiddenite,  after  the  indefatigable  mineral 
explorer  who  has  directed  our  attention  to  it. 
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ON   THE   DETERMINATION    OF   PHOSPHORUS 

IN  IRON. 


Amer,  Jour,  Science,  xxiii,  1882,  pp.  316-320. 

In  recent  years  it  has  been  a  matter  of  considerable  interest  to 
determine  tlie  amount  of  phosphorus  in  the  iron  used  in  the  arts, 
especially  in  that  form  of  it  known  as  pig-iron  ;  in  fact,  since  the 
manufacture  of  steel  by  the  process  of  conversion  known  as  the 
Bessemer  process  it  has  become  a  necessary  procedure  to  ascertain 
the  peculiar  fitness  of  the  cast-iron  for  this  purpose;  and  has  a  bear- 
ing also  upon  the  commercial  value  of  pig-iron.  It  is  not  many 
years  ago  that  a  few  thousandths  in  the  difference  in  the  amount  of 
phosphorus  in  two  lots  of  pig-iron  had  but  little  effect  upon  its 
commercial  value,  while  now  its  presence  affects  it  to  the  extent  of 
several  dollars  value  per  ton. 

Formerly  but  little  reliance  was  to  be  placed  upon  the  analyt- 
ical estimate  of  the  amount  of  these  small  percentages  of  phos- 
phorui§  in  iron,  and  uniform  results  were  not  furnished  by  different 
analysts.  It  was  not  until  the  use  of  an  acid  solution  of  molybdate 
of  ammonia*  was  employed  that  reliable  results  were  to  be  had. 
Many  years  previous  (in  1852),  when  I  established  the  constant 
presence  of  phosphorus  in  meteoric  iron,  I  was  obliged  to  devise  a 
process  which,  while  it  gave  very  good  results,  was  not  applicable 
to  the  present  use. 

The  so-called  molybdic-acid  process  did  not  at  first  satisfy  all 
chemists,  and  in  the  hands  of  all  did  not  give  the  uniform  results 
desired,  and  even  at  the  present  time  modifications  are  constantly 
being  sought  after. 

The  molybdic-acid  process,  as  first  used,  was  to  precipitate  the 
phosphorus  from  a  nitric-acid  solution  of  the  iron  by  an  acid  solu- 
tion of  the  molybdate  of  ammonia,  redissolve  the  inolybdate  of 


•  Method  of  making  described  in  Fresenius's  Analytical  Chemistry. 
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ammonia  in  ammonia,  and  precipitate  the  phosphorus  by  chloride 
of  magnesia  and  ammonia,  and  estimate  the  amount  of  phosphorus 
from  the  phosphate  of  magnesia. 

The  reasons  for  not  estimating  the  phosphorus  by  the  first 
molybdate  precipitate  were,  first,  the  supposed  indefinite  nature  of 
the  precipitate,  and  secondly,  the  occasional  presence  of  free  mo- 
lybdic  acid  in  the  precipitate :  it  was  also  recognized  that  the  large 
amount  of  iron  in  the  solution  interfered  materially  with  the  pre- 
cipitation of  all  the  phosphorus,  and  it  was  made  very  apparent 
that  the  phosphorus  must  be  concentrated  into  a  small  portion  of 
the  iron  before  commencing  the  process  of  analysis. 

With  these  facts  well  established  to  my  mind,  I  have  been 
engaged  off  and  on  for  two  or  three  years  examining  the  question 
of  the  determination  of  phosphorus  in  iron  and  steel,  making  sev- 
eral hundreds  of  variously  modified  experiments,  and  repeating  the 
details  of  processes  adopted  by  different  chemists. 

I  first  tried  the  solution  of  from  one  to  three  grammes  of  iron  or 
steel  in  aqua  regia,  and  precipitating  by  the  molybdic  solution,  with 
all  the  iron  present,  and  without  separating  the  silica ;  but  the  pro- 
cess gave  no  satisfaction,  whatever  way  the  phosphorus  was  ulti- 
mately weighed  ;  nor  did  the  evaporation  to  dryness  over  a  water- 
bath  and  redisaolving  with  a  little  nitric  acid  materially  improve 
it.  It  became  very  evident,  as  already  recognized  by  several  Eng- 
lish and  American  chemists,  that  silica  must  not  be  in  the  solution 
in  which  the  molybdic  precipitate  was  made;  and,  furthermore, 
that  the  larger  portion  of  iron  must  be  eliminated  from  the  solution 
before  this  precipitation  was  attempted.  The  chemist  of  the  Burden 
Iron  Works,  Troy,  and  of  the  Pennsylvania  Central  Railroad  gave 
me  their  experience  on  the  subject. 

In  describing  the  following  method,  ultimately  adopted  as  afford- 
ing the  most  speedy  and  accurate  results,  I  give  but  little  else  than 
slight  modifications  of  methods  already  employed  by  others,  with 
such  detail  of  manipulation  as  facilitates  uniform  method  of  opera- 
tion.* 

QiumtUy  of  iron  employed, — It  is  customary  to  employ  1  gramme 
for  pig-iron,  and  2  to  three  grammes  for  malleable  iron  and  steel ; 
but  in  my  own  practice  I  employ  but  1  gramme  for  all  varieties  of 

*S.  Peters  has  used  a  process  nearly  the  same  as  the  Burdon  Iron 
Works,  Troy. 
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iron ;  for  even  where  the  iron  or  steel  contains  one  thousandth  and 
less  of  phosphorus,  I  get  as  satis&ctory  results  as  where  2  and  3 
grammes  are  employed. 

Solution. — The  iron,  say  1  gramme,  is  placed  in  a  porcelain  cap- 
sule of  about  from  100  to  150  centimetres,  and  3  or  4  centimetres 
of  water  added ;  the  capsule  is  placed  on  a  water-bath,  and  10  to  15 
centimetres  of  aqua  regia  are  added  little  by  little ;  the  aqua  regia  is 
prepared  in  advance  in  the  usual  way,  with  two  parts  chlorhydric 
acid  and  one  part  nitric  acid.  The  contents  of  the  capsule  are  now 
evaporated  to  dryness  over  the  water-bath,  or,  more  speedily,  on  an 
iron  plate ;  the  capsule  with  its  contents  is  then  placed  in  an  air- 
bath  and  heated  from  140°  to  150°  C.  for  from  30  minutes  to  1 
hour — thus  rendering  all  the  silica  insoluble ;  3  or  4  centimetres  of 
chlorhydric  acid  with  an  equal  quantity  of  water  are  added  to  the 
dry  residue,  and  then  warmed  gfently  over  a  water-bath  or  lamp ; 
the  iron  is  redissolved,  a  little  more  water  added,  the  solution 
filtered  with  the  filter-pump;  the  filtrate  placed  upon  a  narrow 
graduated  measure  of  100  centimetres  capacity,  and  sufficient 
water  added  to  make  the  liquid  contents  100  centimetres;  the 
whole  is  well  shaken  to  make  the  solution  uniform.  The  next 
step  is  to  concentrate  all  the  phosphorus  into  a  limited  amount 
of  the  iron. 

'Concentration  of  (he  phosphorus, — From  90  to  92  centimetres  of 
the  last  solution  are  placed  in  a  capsule  of  300  or  400  centimetres 
capacity,  either  of  porcelain  or  platinum — the  latter  I  use  by  pref- 
erence— ^and  100  centimetres  of  water  added ;  the  iron  oxide  is 
now  reduced  to  iron  protoxfde  by  soda  sulphite  or  ammonia  sul- 
phite.* I  prefer  the  latter  and  prepare  it  in  the  manner  mentioned 
in  the  note ;  the  ammonia  sulphite  I  used  at  the  suggestion  of  Mr. 
S.  Peters,  which  he  stated  to  me  was  used  advantageously  by  him- 
self and  others.  Two  or  three  centimetres  of  the  ammonia  sulphite 
are  added  to  the  iron  solution  and  the  contents  of  the  capsule  are 
hoiled  until  aU  the  sidphurom  add  is  driven  off,  this  stage  of  the  pro- 
cess being  recognized  by  the  sense  of  smell.  By  putting  a  small 
drop. of  the  solution  on  the  end  of  a  glass  stirrer  into  a  weak  am- 
monia solution  we  readily  recognize  the  complete  conversion  of  the 


♦  Equal  parts  of  ammonia  and  water  are  placed  in  a  bottle  and  an  excess 
of  sulphurous  acid  passed  through ;  the  operation  lasts  for  several  hours,  using 
a  mixture  of  charcoal  and  sulphuric  acid.  Once  prepared  it  keeps  very  well, 
when  kept  from  the  light. 
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oxide,  for  the  precipitate  is  nearly  white.  Of  course  during  the 
whole  of  the  above  process  the  solution  is  acid,  with  the  excess  of 
chlorhydric  acid.  Ammonia  is  now  added  slowly  to  the  warm 
solution  until  a  little  of  the  greenish  precipitate  remains  undis- 
solved; about  20  centimetres  of  acetic  acid  is  now  added  to  the 
solution  (which  immediately  redissolves  the  precipitate),  and  then 
1  or  2  centimetres  of  ammonia  acetate  solution ;  finally,  the  8  or 
10  centimetres  of  original  solution  remaining  in  the  graduated 
glass  is  added  with  200  or  300  centimetres  of  water. 

The  whole  contents  of  the  large  capsule  is  boiled  gently  from 
one  half  to  one  hour,  and  if  necessary  the  water  renewed  as   it 
is  evaporated.     The  result  is  the  formation  of  a  basic  persalt  of 
iron  containing  practically  all  the  phosphorus  that  was  originally  - 
in  the  gramme  of  iron  used. 

Separation  of  ike  phosphorus  from  the  above  precipitate. — With  a 
filter-pump  on  a  3^inch  filter  the  last  precipitate  is  collected  in  15 
or  20  minutes ;  the  precipitate  is  not  washed,  but  a  mixture  of  5  or  6 
centimetres  of  chlorhydric  acid,  with  an  equal  quantity  of  water,  is 
warmed  in  the  capsule  in  which  the  boiling  has  taken  place,  ap  as 
to  dissolve  the  adhering  oxide  of  iron  ;  the  hot  acid  solution  is 
thrown  on  the  filter  in  the  funnel,  detached  from  the  pump,  the  fil- 
trate is  readily  dissolved  and  passes  in  some  convenient  vessel,  and 
the  filter  washed  once  or  twice  ;  this  solution  is  placed  in  a  potce- 
lain  capsule  and  evaporated  to  dryness  over  a  water-bath  or  on  a 
hot  plate.  I  prefer  the  former,  although  it  takes  a  longer  time. 
To  the  dry,  but  not  over-heated  residue  is  added  1  to  2  centimetres 
of  nitric  acid,  with  an  equal  quantity  of  water;  this  will  furnish  a 
clear  solution  if  there  be  no  tit-anium  in  the  iron;  if  the  latter  be 
present,  there  will  be  formed  a  flocculent  precipitate  that  can  be 
readily  separated  by  a  filter  prior  the  last  treatment. 

The  last  treatment. — ^The  solution  now  need  not  be  more  than  10 
or  20  centimetres,  to  which  ammonia  is  to  be  added  until  the  preci- 
pitate first  formed  is  no  longer  redissolved ;  then  add  a  few  drops 
of  nitric  acid  to  clear  up  the  solution  completely,  in  which  the 
phosphorus  is  supposed  to  have  lieen  concentrated.  30  centimetres 
of  molybdic-acid  solution  is  now  added  to  the  last  solution  in  a 
small  beaker  which  is  then  warmed  for  15  or  20  minutes  to  a  tem- 
perature of  80®  C,  and  agitated  with  a  glass  rod.  The  phosphorus 
is  precipitated  as  the  double  ammonia-salt,  and  settles  as  a  chrome- 
yellow  powder  in  less  than  30  minutes,  and  is  ready  for  collection 
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on  a  double  filter,*  although  I  commonly  allow  two  hours  or  more 
time  to  elapse  before  filtering  and  washing  with  the  filter-pump. 
As  the  filter  is  very  small  it  is  readily  washed  with  a  little  distilled 
water. 

After  washing,  the  double  filter  is  placed  in  an  air-bistth  heated 
to  about  120°  C,  and  in  about  thirty  minutes  weighed  by  separating 
the  filters,  the  complete  dryness  is  verified  by  a  second  heating  in 
the  air  bath. 

Of  the  phospho-molybdate  every  100  milligrammes  will  contain 
1.63  milligrammes  of  phosphorus,  or  3.74  milligrammes  of  phos- 
phoric acid.  The  result  of  this  method  of  analysis  will  indicate  a 
very  minute  quantity  of  phosphorus  less  than  what  is  contained  in 
the  iron,  but  so  small  as  not  to  affect  the  practical  result,  and  will 
be  more  accurate,  certain,  and  speedy  than  if  estimated  as  magne- 
sian  phosphate. 

Cold  short  iron. — It  has  been  customary  to  attribute  the  cold  short- 
ness of  certain  iron  to  the  presence  of  phosphorus.  Now,  after  work- 
ing on  this  problem  in  rolling-mills,  I  have  found  that  the  phos- 
phorus can  not  alone  account  for  this  peculiarity.  Very  often  I 
have  taken  a  1-inch  and  l^-inch  iron  that  was  very  cold  short,  and 
working  them  down  to  smaller  sizes,  as  J-inch  bars,  etc. ,  found  that 
very  good  merchantable  iron  is  produced,  capable  of  being  bent 
andibrged  cold  or  hot  as  well  as  any  good  quality  of  iron,  although 
the  phosphorus  in  the  large  and  small  iron  is  the  same  in  quantity. 
I  would  not  say  that  phosphorus  has  no  effect  on  the  cold  shortness 
of  iron,  but  I  would  remark  that  whatever  effect  it  has  is  very 
much  modified  by  the  manner  of  working  the  iron.  And  this 
opinion  is  sustained  by  that  of  others  who  have  had  much  to  do 
with  the  working  of  iron. 

♦  Whenever  I  filter  a  precipitate  to  be  weighed  on  the  filter,  a  double  fil- 
ter is  used,  each  of  the  same  size;  they  are  weighed  one  against  the 
other  and  exactly  balanced  by  the  weights;  on  the  lighter  one  a  -f  mark 
is  put  with  pencil,  and  the  number  of  milligrammes  that  it  is  lighter  than  the 
other.  As  only  a  2J  or  3-inch  filter  is  used,  the  difference  in  weight  between 
the  filters  does  not  usually  exceed  10  or  20  milligrammes.  I  always  keep  a 
number  of  these  double  filters  (with  the  difference  marked  on  them)  ready 
for  this  purpose,  or  any  other. 
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AND  THE  OTHER  COLUM BATES   CONTAINING  EARTHY  OX- 
IDES, BY  THE  AGENCY  OF  FLUORHYDRIC  ACID;  AND 
OF  DISSOLVING  COLUMBITE  AND  TANTALITE  BY' 
THE  SAME  ACID.— ON  THE   SEPARATION  OP 
THORIA  FROM  THE  OTHER  OXIDES.— THE 
QUANTITATIVE  ESTIMATION  OF  DI- 
DYMIUM    OXIDE   IN    ITS    MIX- 
TURES   WITH    OTHER 
EARTHY  OXIDES. 


[Privately  printed,  Louisville,  1888.] 

The  study  of  this  class  of  minerals  has  always  presented  con- 
siderable interest  to  the  analytical  chemist  from  the  time  of  the 
discovery  of  columbite  by  Hatchett  in  1801,  and  tan  tali  te  and 
yttro-tantalite  by  Ekeberg  about  one  year  later.  These  minerals 
for  more  than  twenty  years  were  the  only  known  columbites  and 
tantalites;  since  then  about  fourteen  other  well-defined  species 
have  been  discovered  and  described,  although  the  chemical  lor- 
mulse  of  most  of  them  are  yet  in  doubt. 

The  metallic  acids  in  these  minerals  have  many  interesting 
characteristics,  which  have  already  attracted  special  attention  since 
H.  Rose's  researches  in  1846  defining  the  distinctive  characteristics 
of  columbic  and  tantalic  acid,  which  prior  to  that  date  had  been 
considered  by  most  chemists  as  being  one  and  the  same  acid.  M. 
Hermann,  and  later  M.  Marignac,  took  up  M.  Rose's  investigations 
and  gave  to  them  considerable  extension.  The  former  thinks  that 
he  has  discovered  two  additional  metallic  acids  of  the  same  type 
in  the  minerals  in  which  the  first  two  are  found.  The  metals  of 
these  acids  he  has  called  ilminium  and  neptunium.'*'     The  labors 


♦  Jour,  far  prakt.  Chem.,  xv,  105.  Chemists  are  not  ready  to  recognize 
these  as  new  substances,  but  rather  as^^mixtures  of  ta-  ^alic  and  columbic 
acids. 
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of  M.  Marignac,  as  set  forth  in  his  various  publications,*  have 
contriluted  very  largely  to  our  precise  knowledge  of  certain  very 
important  compounds  of  these  acids,  and  he  has  also  given  the 
only  reliable  method  of  a  close  quantitative  separation  of  columbic 
and  tantalic  acid. 

An  interesting  chemical  characteristic  of  these  minerals  is,  that 
nearly  all  of  them  have,  as  a  portion  of  their  bases,  some  one  or 
more  of  the  rarer  earths,  as  the  oxides  of  yttrium,  erbium,  cerium, 
thorium,  and  some  new  earths  not  yet  fully  defined.  One  reason 
for  the  comparatively  imperfect  study  of  the  compounds  of  tanta- 
lum and  columbium  is  the  rarity  of  the  minerals  containing  them; 
but  since  the  discovery  of  comparatively  large  quantities  of  colum- 
bite  and  samarskite  in  the  United  States  this  difficulty  is  removed. 
Another  obstacle  to  their  study  arises  from  the  method  of  decom- 
posing them,  this  being  attended  with  more  or  less  inconvenience 
when  large  quantities  are  to  be  operated  on.  This  last  difficulty 
will,  however,  be  removed  to  a  considerable  extent  by  the  analyt- 
ical facts  to  be  detailed  in  this  communication. 

In  my  published  investigations  in  connection  with  the  columbic 
and  tantalic  acid  minerals  from  new  localities  in  the  United  States f 
(more  especially  the  remarkable  developments  of  samarskite  in 
North  Carolina),  the  object  in  view  was  to  detail  all  that  was  con- 
nected with  their  mineralogy,  to  describe  the  new  species  I  had 
discovered,  and  to  give  a  clear  idea  of  their  constitution  in  com- 
parison with  the  same  minerals  as  found  elsewhere.  In  the  anal- 
yses in  that  paper  I  did  not  give  the  relative  proportions  of  colum- 
bic and  tantalic  acids,  assigning  as  my  reason  at  the 'time  for  this 
omission  that  the  method  I  had  worked  with  (Rose's)  proved  too 
unsatisfactory  to  warrant  the  waste  of  time  in  seeking  after  results 
that  I  was  satisfied  would  be  inaccurate.  In  this  view  I  was  sus- 
tained by  M.  Marignac,  who  has  devised  a  much  better  method, 
which  I  have  since  tried,  and  which  gives  very  good  approximate 
results,  w^ithin  one  and  a  half  to  three  per  cent,  according  to  the 
amount  of  tantalic  acid  present.  In  the  same  paper  I  stated  that 
the  earths  in  samarskite  did  not  appear  to  contain  cerium  oxide  as 
does  the  Ural  variety  of  the  same  mineral,  though  in  the  analyses 
then  given  I  preferred  noting  the  earths  of  that  group  as  cerium 

*  Annales  de  Chim.  et  de  Phy8.  viii,  1866,  116-175. 
t  American  Journal  of  Science,  May,  1877,  860. 
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oxides  *  till  I  could  arrive  at  more  satisfactory  conclusioiis  by  re- 
newed researches ;  for  it  is  known  that  a  small  quantity  of  cerium 
oxide  mixed  with  other  oxides  of  that  group  may  escape  detection 
when  the  entire  amount  of  oxides  treated  is  very  small ;  so  it  was 
thought  better  to  repeat  the  experiments  upon  larger  quantities 
before  making  any  conclusive  statement  as  to  the  presence  or  ab- 
sence of  cerium  oxide.  Thoria  also,  if  present  in  the  North  Caro- 
lina samarskite,  was  there  in  too  minute  a  quantity  to  warrant  me 
in  pronouncing  upon  it  by  the  usual  method  of  separation.  All 
doubt,  however,  on  this  head  has  been  dispelled  by  an  easy  and 
certain  method  I  have  discovered  of  separating  it  from  the  other 
earths,  and,  although  present  in  the  proportion  of  less  than  one 
per  cent  of  the  mineral,  it  can  be  separated  and  identified  as  well 
as  any  other  constituent  of  the  mineral,  and  that  by  operating 
with  not  more  than  three  or  four  grammes  of  the  mineral. 

Method  of  Decomposing  and  Analyzing  Samarskite. 

I  shall  first  detail  the  method  pursued  in  the.  analyses  of  samar- 
skite, as  this  being  one  of  the  most  complex  of  the  columbates,  all 
that  is  said  in  regard  to  it  will  be  applicable  to  other  forms  of  this 
class  of  natural  compounds.  The  method  most  commonly  employed 
for  decomposing  this  mineral  is  by  means  of  potassium  bisulphate 
in  the  proportion  of  one  part  of  mineral  to  six  of  potassium  salt. 
This  it  will  be  seen,  introduces  a  very  large  amount  of  solid  matter 
into  the  process  and,  besides,  requires  careful  heating  to  redness  for 
some  time.  A  more  recent  and  better  method  is  that  proposed 
by  Prof.  Wolcott  Gibbs,t  viz.,  by  the  acid  potassium  fluoride 
(FIKFIHO).  This  method  was  used  by  M.  Marignac  in  his  most 
admirable  and  exhaustive  labors  on  tantalic  and  columbic  acid  com- 
pounds already  referred  to.  Concentrated  sulphuric  acid  when 
heated  with  some  of  the  columbates  will  decompose  them  more  or 
less,  but  can  not  be  used  in  their  analysis.  The  method  about  to 
be  described  is  a  decided  improvement  on  either  of  the  above .  fijr 
reasons  that  will  be  rendered  very  apparent. 

^  By  this  group  is  meant  all  the  oxides  forming  insoluble  double  salts 
with  the  potash  and  soda  sulphates,  amounting  to  ahout  four  per  cent  of 
the  mineral.    Thoria,  if  present,  was  to  he  sought  for  among  the  oxides. 
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Decomposition  by  Fluorhydric  Acid.* 

The  quantity  of  samarskite  used  in  the  analyses  is  usually  five 
grammes,  and,  having  an  abundance  of  the  material,  special  por- 
tions are  used  for  the  verification  of  certain  results.  The  precipi- 
tates of  all  the  ingredients  are  so  dense  and  granular  that  filters 
7  to  10  centimetres  in  diameter  are  used  except  in  the  iron  precipi- 
tate. The  mineral  is  triturated  to  a  fine  powder,  and  five  grammes 
dried  at  150°  C.,t  weighed  and  placed  in  a  small  platinum  capsule; 
one  of  60  cubic  centimetres  capacity  is  sufficiently  large.  This  is 
moistened  with  about  5  or  6  cubic  centimetres  of  water,  and  then 
from  8  to  10  cubic  centimetres  of  concentrated  fluorhydric  acid  is 
added  (one  half  at  a  time  with  an  interval  of  two  or  three  min- 
utes), and  the  mixture  stirred  with  a  platinum  rod.  In  a  few  sec- 
onds a  vigorous  action  takes  place;  the  mass  becomes  heated,  and 
in  from  five  to  ten  minutes  the  decomposition  is  complete  without 
the  application  of  heat.  If  the  powder  be  exceedingly  fine  the 
decomposition  is  almost  as  rapid  as  that  of  calc-spar  when  chlorhy- 
dric  acid  is  poured  upon  it. 

The  action  is  known  to  be  complete  by  the  disappearance  of  every 
black  particle  in  the  mass.  The  capsple  is  now  placed  on  the  water- 
bath  to  insure  complete  decomposition  and  to  evaporate  away  the 
.larger  portion  of  the  liquid. 

After  the  reaction  the  contents  of  the  capsule  are,  first,  a  clear 
colorless  solution;   and  second,  a  heavy  green  precipitate.     The 

*  Not  many  years  ago  this  acid  was  made  and  used  in  comparatively 
small  quantities,  but  owing  to  the  extended  use  of  it  in  the  arts  it  is  now 
manufactured  on  a  large  scale.  One  of  the  largest  manufacturers  of.  this 
acid  in  this  country  is  Feuchwanger,  118  Dey  Street,  New  York,  who  fur- 
nishes a  fuming  acid,  remarkably  pure  for  a  commercial  article,  at  twenty- 
five  cents  per  pound,  in  lead  jugs  of  30  lbs.  capacity.  The  saturating  prop- 
erty of  10  grammes  of  this  acid  is  equal  to  that  of  23  grammes  of  nitric  acid 
of  1.42,  costing  12  to  14  cents  by  the  carboy,  making  the  fluorhydric  acid 
actually  cheaper  than  the  nitric  acid.  T  have  found  in  many  laboratories 
what  purports  to  be  fluorhydric  acid  that  is  little  less  than  sour  water. 
When  I  desire  pure  fluorhydric  acid,  I  distill  the  commercial  acid  of 
Feuchwanger  in  a  small  platinum  still  and  condense  in  a  very  little  dis- 
tilled water,  the  vessel  being  surrounded  by  ice.  In  this  way  there  is  no 
annoyance  from  fluorsilicic  acid. 

t  Avoid  heating  to  redness,  for  by  so  doing  the  mineral  is  not  so  readily 
acted  on  by  the  fluorhydric  acid.  I  determine  the  loss  by  heat  on  a  separate 
portion  of  one  gramme. 
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solution  contains  all  the  metallic  acids,  oxides  of  iron  and  manga- 
nese. The  insoluble  portion  contains  all  the  earths  and  uranium 
oxide.  It  is  true  tliat  traces  of  iron  will  be  subsequently  found  in 
the  analysis  of  the  insoluble  part  and  traces  of  earth  in  the  solu- 
tion, but  they  are  easily  separated  in  the  course  of  the  analysis  and 
properly  placed  in  the  estimates.  They,  however,  only  represent 
a  fraction  of  one  per  cent. 

It  will  be  seen  that  thus  far  in  a  very  few  minutes  the  samar- 
skite  has  not  only  been  decomposed  but  partly  annlyzed,  for  this 
perfect  separation  into  two  parts  facilitates  to  a  vast  extent  the 
subsequent  operations. 

To  the  contents  of  the  capsule,  decomposed  as  above  stated,  30 
cubic  centimetres  of  water  are  added,  the  whole  is  then  warmed 
and  thrown  on  a  filter  (8  centimetres)  in  a  gutta-percha  or  silver 
funnel,  the  filtrate  being  received  in  a  platinum  capsule.  The  fil- 
tration takes  place  very  rapidly  and  the  precipitate  is  well  washed 
with  hot  water,  a  few  drops  of  fluorhydric  acid  being  added 
toward  the  end  of  the  washing,  to  prevent  a  trace  of  the  precipi- 
tate passing  through  the  filter,  which  might  otherwise  occur.  The 
filtering  and  washing  is  accomplished  in  fifteen  or  twenty  minutes. 
As  already  stated  we  have  two  classes  of  substances  completely 
separated  from  each  other,  one  soluble,  the  other  insoluble.  The 
soluble  we  call  A,  the  insoluble  we  call  B. 

We  will  first  consider  A.  This  solution  is  evaporated  over  a 
water-bath,  and  before  it  reaches  dryness,  concentrated  sulphuric 
acid  is  added  in  excess  to  decompose  the  fluorides,  about  1  cubic 
centimetre  of  acid  to^very  gramme  of  metallic  acid  supposed  to  be 
present.  The  evaporation  is  completed  by  careful  heating  over  the 
flame  until  the  decomposition  is  complete  and  nearly  all  the  sul- 
phuric acid  has  been  driven  off*.  After  cooling,  water  is  added 
acidulated  with  chlorhydric  acid,  the  contents  of  the  capsule 
washed  out  into  a  glaj^s  flask  capable  of  holding  one  litre.  When 
5  grammes  of  the  mineral  have  been  used  the  liquid  mass  should 
be  half  a  litre.  A  little  chlorhydric  acid  is  added.  This  is  now 
boiled  for  one  or  two  hours,*  which  can  be  done  in  an  ordinary 
bottle. 


*  In  my  laboratory  the  boiling  of  liquids  containing  a  heavy  precipitate 
is  always  accomplished  by  driving  steam  through  from  a  glass  flask  or  small 
boiler,  with  two  tubes,  one  bent  at  two  right  angles  to  drop  in  the  liquid,  and 
the  other  a  straight  one  for  a  safety  tube,  thus  preventing  all  thumping. 
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After  boiling,. the  contents  of  the  vessel  are  thrown  on  a  filter 
and  thoroughly  washed  with  hot  water.  The  insoluble  part  re- 
maining in  the  filter  is  colunibic  and  tantalic  acids  with  a  little 
tungstic  and  stannic  acid.  This  is  dried,  ignited,  and  weighed 
with  all  the  usual  precautions,  and  afterward  the  tungstic  and 
stannic  acids  are  separated  in  the  manner  described  by  Rose,  and 
the  columbic  and  tantalic  acids  by  Marignac's  method* 

The  filtrate  from  the  metallic  acids  is  concentrated,  and  as  it 
contains  only  iron  and  manganese,  with  mere  traces  of  other 
oxides,  they  are  separated  and  estimated  in  the  usual  way  by  the 
sodium  acetate  method.     This  disposes  of  part  A. 

We  now  pass  to  the  portion  B,  which  is  the  insoluble  part  re- 
maining after  the  first  treatment  with  fluorhydric  acid,  and  is  com- 
posed of  the  fluorides  of  the  earths  and  uranium.  It  is  washed 
from  the  filter  into  a  small  platinum  capsule.  To  this  sufficient 
concentrated  sulphuric  acid  is  added  to  decompose  the  fluorides 
(about  2^  grammes  suffice  where  5  grammes  of  minerals  are  used), 
and  the  whole  is  concentrated  as  far  as  possible  over  a  water-bath, 
and  carefully  heated  over  the  flame  until  the  excess  of  sulphuric 
acid  is  driven  off,  or  very  nearly  so.  After  cooling,  about  50  cubic 
centimetres  of  water  are  added  and  the  cap<ule  is  gently  heated  on 
a  water-bath,  when  the  mass  dissolves  completely,  furnishing  a 
bright-green  solution.  A  minute  amount  of  insoluble  matter  may 
sometimes  show  itself;  this  belongs  to  the  metallic  acid,  and  is 
separated  and  added  to  that  obtained  from  A.  It  is  usually  only  a 
few  milligrammes.  The  green  solution  is  heated  over  the  flame  and 
a  little  nitric  acid  is  added,  when  the  color  is  changed  to  a  lemon- 
yellow,  from  the  higher  oxidation  of  the  uranium  oxide.  The  so- 
lution is  now  introduced  into  a  beaker  and  increased  to  about  250 
cubic  centimetres  by  the  addition  of  water,  and  made  to  boil.  It 
is  then  very  nearly  neutralized  by  ammonia,  and  oxalic  acid  or 
ammonium  oxalate  added  very  gradually.  The  precipitate,  as  is 
well  known,  will  be  first  taken  up  and  afterward  become  perma- 
nent. It  consists  of  all  the  earths  present  This  is  allowed  to 
stand  some  six  or  eight  hours,  then  thrown  on  a  filter  and  well 
washed.  This  oxalate  of  the  earths  I  will  call  C,  and  proceed  to 
treat  of  it  a  little  further  on.  The  filtrate  contains  all  the  uranium 
in  solution  with  a  trace  of  iron.     This  is  concentrated  to  about  80 


*  Annales  de  Chim.  et  Physique,  viii,  1866,  115,  175. 
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or  100  cubic  centimetres,  and  then  a  concentrated  solution  of  am- 
monium carbonate  is  added,  which  first  precipitates  the  uranium 
oxide  and  then  redissolves  it.  The  solution  is  nearly  clear  with 
the  exception  of  a  few  flocci  of  ferric  oxide.  This  is  warmed 
gently  and  a  few  drops  of  ammonium  sulphide  are  added,  which 
precipitates  every  trace  of  iron.  That  is  washed  and  estimated  in 
the  usual  way,  and  represents  from  two  to  three  tenths  of  one  per 
cent  of  the  mineral,  and  is  added  to  the  ferric  oxide  obtained  from 
solution  A.  The  filtrate  containing  the  uranium  oxide  is  evap- 
orated to  dryness,  the  ammonium  salts  driven  off,  and  the  oxide 
estimated  by  the  ordinary  method.  In  all  the  analyses  thus  far 
no  solid  matter  is  introduced  by  the  re-agents. 

Before  quitting  this  part  of  the  subject  I  would  state  that  there 
is  no  columbate  that  does  not  readily  yield  to  this  treatment  by 
fluorhydric  acid,  as  euxenite,  hatchettolite,  fergusonite,  etc.,  and 
so  completely  separate  these  minerals  into  two  classes  of  substances 
(the  metallic  acids  in  a  state  of  solution  and  the  earths  as  insoluble 
compounds),  that  the  weighing  of  the  acid  decomposed  by  the 
action  of  sulphuric  acid  as  described  will  give  at  once  an  idea  of 
the  quantitative  composition  of  the  minerals. 

COLUMBITE    AND   TaNTALITE. 

It  is  well  to  make  some  remarks  in  reference  to  the  columbite 
and  tantalite  and  their  decomposition  by  fluorhydric  acid,  for  they 
are  more  difficult  to  decompose  by  any  method  than  are  the  colum- 
bites  of  the  earths. 

Before  we  had  the  more  powerful  and  convenient  methods  of 
decomposing  minerals,  Berzelius,  Rose,  and  others  had  to  resort  to 
the  finest  possible  subdivision  of  the  mineral,  often  using  a  flat  slab 
of  agate  and  triturating  with  water.  This  fine  trituration  is  some- 
times even  now  employed  in  our  present  modes  of  manipulation. 
As  the  method  I  have  adopted  for  years  is  more  convenient  than 
any  I  know  of  in  use,  it  will  not  be  out  of  place  to  refer  to  it  here, 
for  the  whole  operation  is  conducted  in  the  same  mortar  in  which 
the  crushed  mineral  is  first  powdered. 

If  we  have  columbite  to  decompose,  exceedingly  fine  dry  trit- 
uration in  an  agate  mortar  suffices.  To  triturate  properly  one 
gramme  of  columbite  will  require  from  ten  to  fifteen  minutes  in  a 
four-inch  mortar.  Thus  pulverized,  place  the  mineral  in  a  plati- 
num crucible  or  capsule,  and  add  about  five  grammes  of  fluor- 
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hydric  acid  of  the  strength  alluded  to  in  the  first  part  of  the  paper ; 
then  heat  over  the  flame  on  a  plate  of  iron,  so  as  to  bring  the 
temperature  up  to  from  60°  to  90°  C.  A  half  an  hour  suffices  for 
complete  solution ;  if  any  black  powder  remains  it  is  well  to  add 
a  little  more  acid  and  heat  again.  A  few  flocci  will  sometimes 
appear  in  the  solution,  which  is  stannic  oxide.  In  the  analysis 
of  tantalite  the  solution  is  not  so  easily  accomplished,  but  I  over- 
come that  completely  by  my  modification  of  the  trituration  of  the 
mineral.  After  rubbing  it  up  in  the  mortar  for  about  five  or  six 
minutes  I  add  a  little  strong  commercial  (95  per  cent)  or  absolute 
alcohol  to  the  contents  of  the  mortar,  enough  to  cover  completely 
the  powder,  then  continue  the  trituration.  The  alcohol  will  soon 
evaporate ;  add  a  fresh  portion ;  this  I  may  have  to  repeat  several 
times.  The  alcohol,  like  any  other  liquid,  enables  the  pestle  to 
reach  thoroughly  the  coarser  particles  that  always  settle  to  the 
bottom.  To  triturate  thoroughly,  one  gramme  of  the  tantalite 
requires  about  twenty  minutes.  The  contents  of  the  mortar  are 
like  imperfectly  dried  mud,  and  are  kept  at  a  temperature  of  about 
150°  C.  in  an  air-bath  for  ten  or  fifteen  minutes.  A  gramme  of 
the  material  is  then  placed  in  a  capsule  or  crucible  of  platinum, 
thoroughly  dried  and  carefully  weighed.  About  five  grammes  of 
the  fluorhydric  acid  are  now  added,  and  the  heating  conducted  as 
in  the  case  of  columbite.  A  half-hour  suffices  to  complete  the 
solution,  which  is  a  clear  liquid  with  a  few  white  flocci  in  it  that 
I  have  proved  to  be  stannic  oxide.  While  this  method  of  solution 
appears  to  be  a  little  tedious,  I  can  assure  those  who  try  it  that 
the  manipulations  are  very  simple,  and  there  is  no  soluble  matter 
introduced  as  is  the  case  when  six  or  eight  times  its  weight  of 
potassium  bisulphate  is  used.  We  now  evaporate  the  solution  of 
either  columbite  or  tantalite  to  dryness,  proceed  as  in  the  case  of 
the  samarskite.  As  there  are  no  earths,  however,  in  these  min- 
erals, there  is  little  else  than  iron  and  manganese  to  deal  with  as 
associated  with  the  metallic  acids,  which  are  decomposed  by  sul- 
phuric acid  for  separation  from  iron  and  manganese  as  already 
indicated. 

In  regard  to  the  separation  of  the  two  acids  when  they  are  in 
the  same  mineral,  I  use  the  method  already  referred  to  and  first 
used  by  Marignac* 


*  Annales  de  Chimie  et  de  Physique,  viii,  60 ;  1866. 
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The  tungstic  acid,  stannic  acid,  etc.,  I  estimate  in  the  manner 
pointed  out  by  Rose  in  his  Analytical  Chemistry. 

Earths  from  Samarskite. 

As  it  has  been  necessary  to  use  letters  to  indicate  the  various 
groups  of  constituents  of  this  mineral,  they  will  be  stated  in  a  list 
for  easy  reference : 

(a)  The  portion  of  samarskite  soluble  in  fluorhydric  acid. 

(6)  The  portion  of  samarskite  insoluble  in  fluorhydric  acid. 

(c)  The  mixed  oxalates  of  the  earths  from  samarskite. 

(d)  The  earthy  oxides  insoluble  or  dissolved  with  diflSculty  by 
the  sulphate  of  potassium  or  sodium. 

From  the  time  that  samarskite  was  discovered  until  I  undertook 
the  examination  of  the  mineral  as  it  was  found  in  Mitchell  County, 
N.  C,  the  earths  from  the  ignited  oxalates  were  considered  to  be 
the  oxides  of  the  cerium  group  and  yttria  group,  and  in  my  re- 
searches, made  in  1876  and  1877,  while  I  referred  to  one  of  these 
oxides  as  cerium  oxide,  in  a  foot-note*  I  stated  that  there  were 
grounds  for  belief  that  the  oxide  so  called  was  not  cerium  oxide, 
as  it  was  completely  soluble  in  a  very  dilute  solution  of  nitric  acid. 

A  little  later,  by  repeated  precipitation  of  this  oxide  (as  pre- 
pared from  samarskite)  with  sodium  sulphate  I  obtained  an  oxide, 
the  sulphate  of  which  is  absolutely  insoluble  in  a  concentrated 
solution  of  the  sulphate.  The  oxide  of  this  was  completely  soluble 
in  very  dilute  nitric  acid.  In  many  respects  it  resembled  cerium 
oxide.  Among  them  it  did  not  furnish  any  absorption  ray  in  the 
spectrum,  but  its  complete  solubility  in  very  dilute  nitric  acid  was 
a  marked  distinction  between  it  and  cerium  oxide.  For  this  reason 
I  considered  it  a  new  oxide  and  called  it  mosandrum.  The  atomic 
weight  of  the  oxide  was  made  out  to  be  109  (0=16). 

M.  Marignac,  however,  us  well  Professor  Delafontaine,  was  in- 
clined to  regard  the  oxide  as  terbia.  The  properties  of  this  latter 
earth  were  never  clearly  understood,  yet  as  far  as  I  have  been  able 
to  make  them  out  I  considered  it  to  differ  from  what  I  had  called 
mosandrum.  Not  having  any  absorption  ray,  it  is  not  so  easy  to 
decide  upon  as  upon  most  of  the  earthy  oxides. 

The  study  instituted  upon  the  earths  coming  from  samarskite 
opened  a  new  field  of  investigation  upon  the  earths  of  the  cerium 


*  American  Journal  Science,  Mav,  1877. 
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and  yttrium  groups,  especially  among  those  which  gave  marked 
and  decided  absorption  rays.  As  yet  they  can  not  be  separated  in 
a  pure  state  in  sufficient  quantity  for  a  complete  chemical  study,  at 
least  so  far  as  my  information  at  the  present  time  goes. 

Prof  Delafontaiiie,  of  Chicago,  has  done  some  excellent  work 
on  these  earthy,  among  which  he  considers  that  he  has  discovered 
two  metals  that  are  new,  phillipium,*  and  decipium.  In  regard  to 
the  first,  the  spectroscopic  and  other  characteristics  are  well  defined, 
so  much  so  that  those  chemists  and  physicists  who  have  examined 
it,  as  MM.  Marignac,  Soret  and  Lecoq  de  Boisbaudrant,  have  no 
doubt  upon  the  subject.  As  regards  decipium, t  the  spectroscopic 
examination  of  ^ret  and  Lecoq  de  Boisbaudrant  has  not  as  yet 
furnished  us  with  any  positive  decision,  as  far  as  my  information 
extends  at  the  present  time;  M.  Delafontaine,  however,  feels  satis- 
fied about  it. 

In  addition  to  the  above,  M.  Marignac  has  separated  another, 
working,  however,  on  gadolinite  and  euxenite,  which  he  calls 
ytterbium,!  and  L.  F.  Nilson  another,  which  he  calls  scandium.|| 
and  believes  to  be  associated  with  the  ytterbium  of  Marignac.  It 
18  determined  by  spectroscopic  examination  of  a  somewhat  compli- 
cated nature.  I  woiild  here  state  that  most  of  these  new  earths 
have  only  been  made  out  by  a  very  small  quantity,  sometimes  less 
than  a  gramme,  the  spectroscopic  work  being  done  by  the  most 
skillful  observers. 

The  use  of  the  spectroscope  in  studying  the  earths  requires  great  care, 
and  sometimes  the  presence  of  a  very  minute  quantity  of  some 
foreign  substance  may  lead  to  wrong  conclusions.  Thus  the  pres- 
ence of  traces  of  uranium  caused  Sorby  to  mistake  zircon ia  for  a 
new  oxide  that  he  called  jargonia,  and  some  similar  cause  induced 
DelafontaineJ^  to  consider  that  there  was  a  marked  difference  between 
the  didymium  oxides  of  cerite  and  samarksite,  didymium  oxide  9f 
cerite  being  a  mixture  of  different  earths.  Soret, •[  however,  showed 
that  the  didymium  oxide  from  samar.skite,  as  furnished  him  by  Ma- 
rignac, was  the  same  as  that  from  the  oxide  from  cerite.  Lecoq  de 
Boisbaudrant  came  to  the  same  conclusion  from  the  oxide  I  had 
furnished  him  as  coming  from  samarskite.  A  still  more  curious 
fact  is  that,  in  some  experiments  I  made  in  connection  with  Lecoq 

♦  Comptes  Rendus,  1 878,  Ixxxvi,  559.  t  Ibid,  632. 

t  Ibid,  1879,  Ixxxvii,  578.  |i  Ibid,  645. 

§  Comptes  Kendus,  1877,  Jxxxv,  634.  ^  Jbid,  1878,  Ixxxvi,  422. 
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de  Boisbaudrant,  a  peculiar  treatment  of  pure  didytnium  oxide  hj 
acids  so  altered  the  most  important  absorption  ray  furnished  in  the 
spectrum  of  that  earth  as  to  destroy  its  characteristics.* 

Up  to  the  present  time  the  following  earths  have  been  found  in 
samarskite.  I  give  the  list  as  made  out  by  Delafontaine,  with  the 
exception  of  mosandrum,  which  he  does  not  recognize: 

Yttria,  Philippia,  Oxide  didymium, 

Erbia,  Decipia,  Oxide  cerium, 

Terbia,  Thoria,  Mosandria. 

The  proportion  of  each  of  these  earths  in  the  14  per  cent  of 
earths  it  is  impossible  to  state.  As  regards  the  thoria  it  is  about 
0.50  of  the  mineral.  The  oxides  of  cerium  and  didymium  exist 
only  in  traces. 

The  method  of  separating  most  of  these  earths  is  by  fractional 
precipitation  with  oxalic  acid,  or  by  some  alkali  as  employed  by 
myself.  Operating  with  the  ignited  nitrate  is  used  in  other  in- 
stances, but  in  whatever  manner  the  separation  is  attempted  it  is 
attended  with  difficulty  and  greatly  reduces  the  quantity  of  the 
residuary  oxide  which  is  sought  for. 

It  is  the  insoluble  precipitate  d  that  furnishes  the  difficult  prob- 
lepi  of  quantitative  analytical  chemistry,  and  several  earths  of  yet 
undefined  character  have  been  more  or  less  perfectly  separated.  I 
will  give  some  of  my  own  labors  in  that  direction. 

Many  interesting  results  have  been  worked  out  by  Marignac,  of 
Geneva,  and  Delafontaine,  of  Chicago ;  but  the  slow,  tedious  pro- 
cesses that  have  to  be  employed  will  delay  those  labors  very  much. 

The  method  by  whi^h  I  made  some  imperfect  operations  on  the  oxa- 
late c  is  as  follows:  The  powder  is  dried,  ignited,  and  weighed.  It 
has  a  pale  yellow  color,  and  consists  of  several  earthy  oxides.  It 
is  completely  soluble  in  dilute  or  strong  nitric  acid.  The  solution 
of  it  in  the  acid  is  evaporated  to  the  consistency  of  thick  syrup, 
thus  driving  off  nearly  all  the  free  acid.  To  this  syrupy  mass,  be- 
fore it  solidifies, t  about  50  cubic  centimetres  of  a  concentrated  so- 
lution of  sulphate  of  potassium  or  sodium  (lately  I  have  used  the 
sodium  salt  altogether),  are  mixed  into  the  mass.  It  gives  at  first 
a  clear  solution.  To  this  is  added  three  or  four  grammes  of  small 
crystals  of  the  sulphates,  the  whole  stirred  frequently  and  allowed 


•Comptes  Rendus,  1878,  Ixxxvi. 

tWe  are  supposed  to  be  operating  with  one  or  two  grammes  of  the 
mineral. 
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to  stand  for  twenty-four  hours.  A  precipitate  soon  begins  to  form, 
and  at  the  end  of  the  time  is  quite  abundant.  It  is  now  thrown 
into  a  filter  and  thoroughly  washed  with  a  concentrated  solution  of 
potassium  or  sodium  sulphate,  but  at  no  time  will  the  filtrates  be 
entirely  free  from  a  trace  of  the  insoluble  double  sulphate.  This 
precipitate  is  called  d.  The  filtrate  is  supposed  to  contain  yttria 
and  erbia.  To  it  is  added  oxalic  acid  or  ammonium  oxalate,  the 
precipitated  oxalate  burnt,  redissolved  and  reprecipitated*  by  the 
oxalate,  then  burnt,  and  after  very  thorough  ignition,  weighed. 
This  oxide  is  then  dissolved  in  dilute  sulphuric  acid,  evaporated 
carefully  to  dryness,  and  heated  nearly  to  red  heat,  until  its  weight 
is  constant.  This  is  noted,  and  from  the  weight  of  the  oxide  and 
that  of  its  sulphate,  the  relative  proportion  of  yttria  and  erbia  is 
estimated  by  the  formula  of  Babn  and  Bunsen : 

ar=4.9806a-2.45406. 

«s=the  erbia  contained  in  a;  the  oxides,  which  give  6,  the  sul- 
phates, f  The  first  precipitate  by  the  sodium  sulphate,  washed  with 
a  solution  of  the  same,  is  dissolved  in  hydrochloric  acid,  and  first 
precipitated  as  oxalates,  then  changed  into  oxides  by  ignition.  It 
is  in  this  oxide  that  I  searched  for  mosandrum  by  repeated  precip- 
itation with  sodium  sulphate  and  reconversion  into  oxides,  when  I 
obtained  an  oxide  as  dark  as  cerium  oxide,  dissolved  in  minute 
quantity  in  sodium  sulphate  and  i)erfectly  soluble  in  very  dilute 
nitric  acid,  after  thirty  minutes*  contact. 

The  insoluble  double  sulphates  d  precipitated  from  the  solution 
of  the  earths  may  contain  any  or  all  of  the  other  cerium  oxides 
and  thoria.  This  is  dissolved  in  water  containing  a  little  chlorhy- 
dric  acid  by  the  application  of  heat ;  the  solution  is  then  nearl}-^ 
neutralized  by  ammonia  and  precipitated  by  oxalic  acid  or  oxalate 
of  ammonia,  the  precipitate  is  burnt,  redissolved  in  nitric  acid  and 
reprecipitated  by  the  oxalate,  which  is  well  burnt  and  weighed. 

This  was  originally  supposed  to  be  the  cerium  group  of  earths. 


*  Thijj  second  precipitation  is  always  necessary  when  we  are  analyzing 
these  earths  and  the  first  solution  contains  potash  and  soda. 

fin  the  use  of  this  method  of  operation  it  was  supposed  that  cerium 
oxide  and  yttria  could  be  easily  separated  from  each  oth«T  by  the  bisulphate 
of  potassium  and  sodium,  and  the  oxides  remaining  in  solution  were  yttria 
and  erbia,  but  more  recent  research  has  shown  its  defective  character,  and  it 
18  no  longer  adapted  to  furnish  any  good  method. 
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but  when  rubbed  up  with  a  little  water  it  is  completely  dissolved* 
in  dilute  nitric  acid  (1  acid  to  100  water)  in  from  fifteen  to  thirty 
minutes,  showing  the  absence  of  cerium  oxide,  or,  if  present,  only 
to  the  extent  of  a  mere  trace. 

To  test  this  fact  still  farther,  I  precipitated  the  earth  from  iU 
nitric-acid  solution  by  caustic  soda,  adding  just  enough  to  make  the 
solution  alkaline,  then  added  3  to  4  grammes  of  caustic  soda,  and 
adding  water  enough  to  make  the  mixture  50  cubic  centimetres,  it 
is  quit-e  thick  from  the  gelatinous  precipitate.  A  stream  of  chlorine 
gas  is  now  paa*ed  slowly  through  the  mixture  for  two  or  three 
hours,  in  the  manner  recommended  by  M.  Mosander  for  r^eparating 
cerium  oxide  from  its  associated  earths.  But  none  of  the  indication-s 
of  color  peculiar  to  cerium  oxide  are  manifested,  but  all  the  oxides 
are  taken  into  solution  except  a  small  quantity  of  a  white  gelatin- 
ous precipitate.  This  precipitate  was  collected  on  a  filter  and 
washed,  detached  from  the  filter  and  dissolved  by  means  of  a  few 
drops  of  sulphuric  acid,  evajwrated  to  dryness,  heated  to  drive  off 
the  exce.^s  of  acid,  and,  when  dissolved  in  a  little  cold  wat^r  and 
examined,  was  found  to  Ix?  thoria.t  It  was  afterward  precipitated 
by  ammonium  oxalate,  burnt  and  weighed,  and  represented  0.80 
per  cent.  This  is  a  new  and  valuable  method  of  separating  thoria, 
which  will  be  treated  of  in  another  i>art  of  this  paper. 

The  fact  of  the  absence  of  cerium  oxide  led  to  a  thorough  ex- 
amination of  the  d  precipitate ;  for  the  Russian  variety  of  saniar- 
skite  contains  cerium.  But  to  do  this  I  had  to  make  the  study 
upon  a  much  larger  quantity  of  the  earths  than  that  obtained  from 
5  grammes  of  the  mineral,  which  contain  only  alxmt  4  per  cent  of 
the  d  oxides,  so  that  what  follows  is  based  on  the  use  of  ample 
material  obtained  from  several  kilogrammes  of  the  mineral. 

In  this  large  operation  I  did  not  use  platinum  vessels  for  the 
first  treatment,  but  lead  vessels,  the  decomposing  vessels  being  of 
the  capacity  of  four  litres,  and  capable  of  working  more  than  one 
kilogramme  at  a  time,  and  the  mineral  was  sufficiently  divided  by 
passing  it  through  a  wire  sieve  with  half-millimetre  meshes  (less 
than  thirty  minutes  being  required  to  prepare  a  kilogramme  for 
the  action  of  the  fluorhydric  acid).  The  mineral  is  placed  in  the 
lead  capsule  and  750  cubic  centimeters  of  water  poured  on  it,  then 

*  This  is  based  on  the  supposition  that  there  is  no  other  oxide  present. 
tThe  cold  solution  when  heated  was  changed  into  a  mass  of  the  delicate 
silky  crystals  so  remarkably  characteristic  of  thoria. 
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one  kilogramme  of  fuming  fluorhydric  acid  is  added  by  degrees, 
and  the  mixture  stirred  with  a  lead  rod  until  the  violence  of  the 
action  ceases;  then  a  second  kilogramme  of  acid  is  added  and 
stirred  ill.  The  capsule  is  now  placed  on  a  water-bath  and  heated, 
with  occasional  stirring,  for  two  or  three  hours,  when  the  action  is 
complete,  and  we  proceed  as  already  described  with  the  5  grammes. 
When  the  insoluble  fluorides  of  the  earths  are  obtained  I  find 
the  following  the  best  way  of  changing  them  to  oxalates:  2o0 
grammes  of  the  dry  fluorides  are  rubbed  up  in  a  mortar  and  placed 
in  a  platinum  capsule,  then  250  cubic  centimetres  of  concentrated 
sulphuric  acid  are  added  without  water,  the  mixture  stirred  and 
heated  over  the  flame  until  nearly  dry,  and,  after  cooling,  dissolv- 
ing in  water  and  uranium  oxide,  farther  oxidized  by  nitric  acid. 
After  filtration  the  whole  is  diluted  to  about  5  litres,  boiled  by  a 
current  of  steam,  nearly  neutralized  and  then  precipitated  by  225 
grammes  oxalic  acid  dissolved  in  one  litre  of  water.  The  oxalates 
thus  obtained  are  operated  with  as  already  described  for  the  separ- 
ation of  yttria,  using  either  potassium  sulphate  or  sodium  sulphate. 
The  latter  has  certain  advantages  in  large  operations.  The  thoria 
of  the  earths  is  with  that  part  which  is  difficultly  soluble  in  sodium 
sulphate. 

Separation  of  Thoria. 

The  separation  of  this  earth  from  the  others  with  which  it  is 
usually  associated  is  attended  with  more  or  less  difficulty  and  un- 
certainty. These  earths  are  of  the  cerium  group,  for  the  concen- 
trated solution  of  potassium  sulphate  precipitates  the  thoria  along 
with  these  earths.  One  of  the  best  methods  is  considered  to  Ix* 
that  by  sodium  hyposulphite,  but  the  use  of  it  did  not  enable  me 
to  decide  upon  the  presence  of  thoria  when  I  made  the  examina- 
tion for  my  mineralogical  paper  on  the  "Colunibic  Acid  Minerals 
of  the  United  States,"*  while  the  method  alx)ut  to  be  descrilied 
makes  it  easy  of  detection  and  quantitative  separation;  so  much 
HO  that  I  am  satisfied  that  by  means  of  it  the  metal  thorium  will 
be  found  to  be  more  generally  diffused  than  it  has  l)een  supposed 
to  l)e. 

If  thoria  be  precipitated  from  a  solution  of  any  of  its  salts  by 
the  fixed  alkalies,  and  the  gelatinous  precipiUite  added  to  a  little 
water  containing  four  or  ^ve  times  its  weight  of  caustic  potash  or 

*  American  Journal  of  Science,  xiii,  May,  1877. 
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soda,  and  a  current  of  chlorine  gas  passed  through  it  for  any  length 
of  time,  none  of  the  thoria  will  be  taken  into  solution;  and  if  the 
other  earths  usually  associated  with  thoria  be  present,  the  same 
result  will  take  place  as  regards  the  thoria,  but  all  the  other  earths 
will  be  dissolved  with  the  exception  of  the  cerium  oxide.  These 
facts  have  been  fully  verified  by  a  special  set  of  experiments.  The 
thoria  in  thesamarskite  was  estimated  in  this  way,*  and  no  ana- 
lytical result  could  be  more  satisfactory,  sufficient  care  being  taken 
to  pass  chlorine  gas  through  the  solution  long  after  it  is  supposed 
to  be  saturated.  Two  or  three  hours  is  not  too  long  where  a  half 
to  one  gramme  of  the  mixed  oxides  is  operated  with. 

Separation  of  the  Thoria  from  the  Mixed  Earths  by 
Ammonia. 

When  thoria  has  to  be  separated  from  a  large  quantity  of  its 
associate  earths,  the  chlorine  method  is  long,  and  the  insoluble 
part  has  to  be  separated  and  treated  two  or  three  times  before  com- 
plete separation  is  accomplished.  I  accomplished  this  by  an  excel- 
lent method,  but  one  not  intended  to  furnish  quantitative  results 
like  the  chlorine  method. 

Using  say  50  grammes  of  the  earths  separated  by  the  potassium 
or  sodium  sulphate,  dissolve  it  in  nitric  acid  somewhat  diluted,  and 
concentrate  over  a  water-bath;  add  the  contents  of  the  capsule  to 
about  3  litres  of  water,  boil  by  a  current  of  steam  or  otherwise, 
and,  when  in  a  state  of  ebullition,  neutralize  by  ammonia  till  only 
a  few  flakes  remain  undissolved ;  then  add  by  degrees  an  ammonia 
solution  of  known  strength  and  just  sufficient  to  precipitate  6  or  8 
grammes  of  the  oxides,  f  the  solution  being  made  to  boil  violently 
during  the  operation.  This  ebullition  is  continued  for  about  five 
minutes.  A  bulky  gelatinous  precipitate  will  be  formed  which  con- 
tains all  the  thoria  and  a  little  of  the  other  oxides.  This  is  thrown 
on  a  filter  and  washed.  This  takes  place  very  slowly.  .The  gela- 
tinous precipitate  is  dissolved  in  a  dilute  solution  of  sulphuric 
acid,  evaporated  to  dryness,  excess  of  acid  driven  off,  redissolved 
in  cold  water.     By  boiling  and  evaporation  it- separates  in  its  well- 

*  As  already  described  where  treating  of  the  absence  of  cerium  oxide 
in  the  samarskite. 

t  In  the  present  instance  I  have  calculated  the  amount  on  the  basis  of 
<in  atomic  weight  of  the  oxides  of  116  (0=16). 
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kDown  form,  which,  when  hot,  is  separated  from  the  mother  liquor. 
The  sulphate  of  thorium  thus  obtained  is  not  perfectly  pure,  but 
if  wanted  for  chemical  investigations  it  can  be  purified  by  the  usual 
method.  This  separation  clearly  arises  from  the  fact  that  the  thoria 
is  less  basic  than  the  other  earths. 

The  filtrate  from  the  gelatinous  precipitate  is  treated  with 
oxalic  acid,  and  the  precipitated  oxalate  dried  and  ignited,  giving 
a  salmon-yellow  oxide  that  is  further  examined  by  processes  to  be 
described.  The  fact  that  these  earths  have  only  a  mere  trace  of 
thoria  remaining  in  them  is  established  by  the  fact  that  when  one 
gramme  of  them  is  treated  by  the  chlorine  test  for  thoria  already 
described,  all  the  oxides  are  completely  dissolved  except  4  milli- 
grammes. I  then  recommend  this  method  as  one  likely  to  prove 
useful  for  the  purification  of  large  quantities  of  the  earths  con- 
taining thoria  in  small  quantity. 

The  earth  from  the  thoria  is  of  a  salmon  -  yellow  color,  ib* 
oxalate  burns  readily,  and  all  tests  were  applied  to  discover  lan- 
thanium  oxide,  and  only  a  very  doubtful  evidence  of  its  presence 
was  obtained.  So  that  of  the  three  cerium  metals  only  didymium 
oxide  remained  to  look  for.  A  nitric  acid  solution  gave  the  very 
well  known  spectroscopic  bands  of  that  metal,  but  it  was  impos- 
sible to  separate  it  by  a  chemical  process.  But  by  making  use  of 
the  spectroscope  I  think  I  have  approximated  to  the  proportion 
mixed  with  the  oxides  in  the  following  manner: 

Quantitative  Estimate  of  Didymium  Oxide  by  its  Absori^tion 

Bands. 

Make  solutions  of  the  oxide  of  didymium  of  known  strength, 
and  place  the  solutions  in  tubes  of  uniform  diameter.  Vials  of  thin 
glass  1 J  centimetres  in  diameter  were  used.  Then  take  the  oxides 
to  be  tested,  dissolving  a  known  quantity  of  the  oxides  in  a  solu- 
tion of  nitric  acid,  placing  in  a  tube  of  the  same  size  as  those  con- 
taining the  didymium  salt  of  known  strength,  compare  the  solution 
in  the  tubes  before  the  spectroscope  with  the  different  didymium 
tubes,  and  it  will  be  soon  seen  which  one  of  these  latter  gives 
bands  corresponding  in  intensity  with  the  didymium  bands  in  the 
solution  of  oxides  that  are  tested ;  and,  knowing  the  exact  propor- 
tions of  oxide  in  the  didymium  tube,  a  good  approximate  result 
may  be  obtained. 
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I  am  now  making  an  apparatus  using  only  one  solution  of  didy- 
mium  and  simply  varying  at  pleasure  the  thickness  of  the  solution. 
In  this  way  I  estimate  that  the  mixed  earthy  oxides  of  samarskite 
contain  less  than  0.25  of  didymium.  As  regards  the  principal 
portion  of  the  earth  separated  from  the  yttria,  I  consider  it  as  an 
oxide,  or  oxide  of  a  new  earth,  for  I  can  not  reconcile  my  mind 
to  the  idea  that  it  is  principally  terbia.  One  of  the  earths  present 
I  call  mosandrum,  and  M.  Delafontaine  has  separated  two,  phil- 
lipium  and  decipium. 

Owing  to  the  fact  of  bodily  indisposition  I  have  not  been  able 
to  continue  my  researches  on  these  earths. 

For  the  complete  quantitative  analysis  of  samarskite,  reference 
is  made  to  labors  previously  made  by  myself  and  others,*  with 
this  difference,  that  in  the  earthy  oxides  there  is  0.50  per  cent  of 
thoria,  and  the  cerium  referred  to  is  not  that  oxide,  but  other 
mixed  oxides. 


•American  Journal  of  Science.  May,  1877. 
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MEMOIR  ON  METEORITES. 


Amer.  Jour,  of  Science,  1855,  vol.  xix,  pp.  151,  323. 

PART  I. 
A    DESCRIPTION   OF    FIVE    NEW    METEORIC    IRONS. 

1.  Meteoric  Iron  from  Tazewell  County,  E.  Tenn. 

This  meteorite  was  placed  in  my  possession  through  the  kind- 
ness of  Professor  J.  B.  Mitchell,  of  Knoxville,  in  the  month  of 
August,  1853.  It  was  found  by  a  son  of  Mr.  Rogers,  living  in  that 
neighborhood,  while  engaged  in  plowing  a  hillside;  his  attention 
was  drawn  to  it  by  ite  sonorous  character.  As  it  very  often 
happens  among  the  less  informed,  it  was  supposed  to  be  silver, 
or  to  contain  a  large  portion  of  that  metal.  With  some  diffi- 
culty the  mass  was  procured  by  Prof.  Mitchell  and  passed  over 
to  me.  Nothing  could  be  ascertained  as  to  the  time  of  its  fall. 
It  is  stated  among  the  people  living  near  where  the  meteorite 
was  found  that  a  light  had  been  often  seen  to  emanate  from  and 
rest  upon  the  hill — a  belief  that  may  have  had  its  foundation  in 
the  observed  fall  of  this  body. 

The  weight  of  this  meteorite  was  fifty-five  pounds.  It  is  of 
a  flattened  shape,  with  numerous  conchoidal  indentations,  and 
three  annular  openings  passing  through  the  thickness  of  the  mass 
near  the  outer  edge.  Two  or  three  places  on  the  surface  are  flat- 
tened, as  if  other  portions  were  attached  at  one  time  but  had  been 
rusted  ofi"  by  a  process  of  oxidation  that  has  made  several  fissures 
in  the  mass  so  as  to  allow  portions  to  be  detached  by  the  hammer, 
although  when  the  metal  is  sound  the  smallest  fragment  could  not 
be  thus  detached,  it  being  both  hard  and  tough.  Its  dimensions 
are  such  that  it  will  just  lie  in  a  box  thirteen  inches  long,  eleven 
inches  broad,  and  five  and  a  half  inches  deep.  The  accompany- 
ing figure  gives  a  correct  idea  of  the  appearance  of  this  meteorite. 

The  exterior  is  covered  with  oxide  of  iron  ;  in  some  places  so 
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thin  as  hardly  to  conceal  the  iron,  in  other  places  a  quarter  of  an 
inch  deep.  Its  hardness  is  so  great  that  it  is  almost  impossible 
to  detatch  portions  by  means-  of  a  saw.  Its  color  is  white,  owing- 
to  the  large  amount  of  nickel  present;  and  a  polished  surface. 


Fig.  1. 

when  acted  on  by  hot  nitric  acid,  displays  in  a  most  beautifully 
regular  manner  the  Widraannstattian  figures.  The  specific  gravity- 
taken  on  three  fragments  selected  for  their  compactness  and  purity 
is  from  7.88  to  7.91. 

The  following  minerals  have  been  found  to  constitute  this 
meteorite:  1.  Nickeliferous  iron,  forming  nearly  the  entire  mass. 
2.  Protosulphuret  of  iroUy  found  in  no  inconsiderable  quantity  on 
several  parts  of  the  exterior  of  the  mass.  3.  Schreibersite,  found 
more  or  less  mixed  with  the  pyrites  and  in  the  crevices  of  the 
iron,  in  pieces  from  the  thickness  of  the  blade  of  a  pen-knife  to 
that  of  the  minutest  particles.  4.  Olivine;  two  or  three  very 
small  pieces  of  this  minenil  have  been  found  in  the  interior  of 
the  iron.  5.  Protochloride  of  iron;  this  mineral  has  been  found 
in  this  meteorite  in  tJie  solid  state,  which  I  believe  is  the  first  ob- 
servation of  this  fact;  it  was  found  in  a  crevice  that  had  been 
opened  by  a  sledge-hammer,  and  in  the  same  crevice  schr^bersite 
was  found.  Chloride  of  iron  is  also  found  deliquescing  on  the 
surface;   some  portions  of  the  surface  are  entirely  free  from    it. 
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while  others  again  are  covered  with  an  abundance  of  rust  arising 
from  its  decomposition. 

Besides  the  above  minerals  two  others  were  found — one  a  sili- 
ceous mineral,  the  other  in  minute  rounded  black  particles ;  both, 
however,  were  in  too  small  quantity  for  any  thing  like  a  correct 
idea  to  be  formed  of  their  composition. 

The  different  minerals  that  admitted  of  it  were  examined  chem- 
ically, and  the  following  are  the  results : 

1.  Nlckefiferous  iron. — The  specific  gravity  of  this  iron  is,  as 
already  stated,  from  7.88  to  7.91.  It  is  not  readily  acted  on  by 
any  of  the  acids  in  the  cold ;  nitric  acid,  either  concentrated  or 
dilute,  has  no  action  on  it  until  heated  to  nearly  200°  F.,  when 
the  action  commences  and  continues  with  great  vigor  even  a^r 
the  withdrawal  of  heat.  With  reference  to  the  action  of  sulphate 
of  copper  it  is  passive,  although,  when  immersed  in  a  solution  of 
sulphate  of  copper  and  allowed  to  remain  for  several  hours,  the 
latter  metal  deposits  itself  in  spots  on  the  surface  of  the  iron. 

Thorough  digestion  in  hot  nitric  acid  dissolves  the  iron  com- 
pletely. When  boiled  with  hydrochloric  acid  the  iron  dissolves 
with  the  liberation  of  hydrogen,  leaving  undissolved  the  schrei- 
bersite ;  but  by  long-continued  action  this  latter  is  also  dissolved 
with  the  evolution  of  phosphureted  hydrogen. 

The  following  ingredients  were  detected  on  analysis  of  two 

specimens : 

1  2 

Iron : 82.39  83.02 

Nickel 15.02  14.62 

Cobalt 43  .50 

Copper 09  .«'6 

Phosphorufl 16  .19 

Chlorine .02 

Sulphur .08 

Silica 46  .84 

Magnesia .24 

98.55  99.57 

Tin  and  arsenic  were  looked  for,  but  neither  of  those  substances 
detected.  The  magnesia  and  silica  are  doubtless  combined,  prob- 
ably in  the  form  of  olivine,  and  disseminated  in  minute  particles 
through  the  iron.  The  phosphorus  is  in  combination  with  a 
given  portion  of  iron  and  nickel,  forming  schreibersite.  The  0.16 
per  cent  of  phosphorus  corresponds  to  1.15  of  schreibersite:  so 
the  metal  mass  may  be  looked  on  as  composed  of  nickeliferous 
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iron  98.07,  schreibersite  1.03=100.00.  The  composition  of  the 
nickeliferous  iron  corresponds  to  five  atoms  of  iron  and  one  of 
nickel:  iron,  5  atoms,  82.59;  nickel,  1  atom,  17.41=100.00. 

2.  Protosulphuret  of  iron.  —  This  variety  of  sulphuret  of  iron 
found  with  meteorites  is  usually  designated  as  magnetic  pyrites, 
leaving  it  to  be  inferred  that  its  composition  is  the  same  as  the 
terrestrial  variety.  Without  alluding  to  the  doubt  among  some 
mineralogists  as  to  the  true  composition  of  the  terrestrial  mag- 
netic pyrites,  I  have  only  to  gay  that  most  careful  examination 
of  the  sulphuret  detiiched  from  the  meteorite  in  question  proves 
it  to  be  a  protosulphuret — a  conclusion  to  which  Rammelsberg 
had  already  come  with  reference  to  the  pyrites  of  the  Seelasgen 
iron,  which  latter  pyrites  I  have  al'ro  examined,  confirming  the 
results  of  Rammelsberg. 

This  pyrite  iiicrusts  some  portion  of  the  iron,  and  in  places 
is  mixed  with  a  little  schreibersite.  It  presents  no  distinct  crys- 
talline structure,  has  a  gniy  metallic  luster,  and  a  specific  gravity 
of  4.75.  The  Seelasgen  pyrites  gave  me  for  specific  gravity 
4.681.  The  specimen  of  pyrites  in  question  gave,  on  analysis: 
iron,  62.38;  sulphur,  35.67;  nickel,  0.32;  copper,  trace;  silica, 
0.56;  limo,  0.08=98.91.  The  formula  Fe  S  requires  sulphur 
36.36,  iron,  63.64.  The  magnetic  property  of  this  mineral  is  far 
inferior  to  that  posses.sed  by  schreibersite. 

3.  Schreibersite.  —  It  is  found  disseminated  in  small  particles 
through  the  mass  of  the  iron,  and  is  made  evident  by  the  action 
of  hydrochloric  acid  ;  it  is  also  found  in  flakes  of  little  size, 
inserted  as  it  were  into  the  iron  ;  and  owing  to  the  fact  that  in 
many  parts  where  it  occurs  chloride  of  iron  also  exists,  this  last 
has  caused  the  iron  to  rust  in  crevices,  and  on  opening  these 
schreil>ersite  was  detached  mechanically.  This  mineral  as  it  exists 
in  the  meteorite  in  question  so  closely  resembles  magnetic  pyrites 
that  it  can  readily  be  mistaken  for  this  latter  substance,  and  I 
feel  confident  in  asserting  that  a  great  deal  of  the  so-called  mag- 
netic pyrites  associated  with  various  masses  of  meteoric  iron  will 
upon  examination  be  found  not  to  contain  a  trace  of  sulphur,  and 
will,  on  the  contrary,  prove  to  be  schreibersite,  that  can  be  easily 
recognized  by  the  characters  to  be  fully  detailed  a  little  farther  on. 

Its  color  is  yellow,  or  yellowish -white,  sometimes  with  a  green- 
ish tinge;  luster  metallic;  hardness  6;  specific  gravity  7.017. 
No  regular  crystalline  form  was   detected ;    its  fracture  in    one 
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direction  is  conchoidal.  It  is  attracted  very  readily  by  the  mag- 
net, even  more  so  than  magnetic  oxide  of  iron;  it  acquires  polarity 
and  retains  it.  I  have  a  piece  three  tenths  of  an  inch  long,  two 
tenths  of  an  inch  broad,  and  one  twentieth  of  an  inch  thick,  which 
has  retained  its  polarity  over  six  months ;  unfortunately  the  polar- 
ity was  not  tested  immediately  when  it  was  detached  from  the 
iron,  and  not  until  it  had  come  in  contact  with  a  magnet,  so  that 
it  can  not  be  pronounced  as  originally  polar. 

Before  the  blow-pipe  it  melts  readily,  little  blisters  forming 
on  the  surface  from  the  escape  of  Morhie,  and  blackens.  The 
magnet  is  a  most  ready  means  of  distinguishing  the  schreibersite 
from  the  pyrites  commonly  found  in  meteoric  irons;  for  although 
the  pyrites  is  attracted  by  the  magnet,  it  is  necessary  that  the 
latter  should  be  brought  quite  near  to  it  for  the  effect  to  be  pro- 
duced ;  whereas,  if  the  particles  exposed  to  the  magnet  be  schrei- 
bersite, they  will  be  attracted  with  almost  the  readiness  of  iron 
filings. 

Hydrochloric  acid  acts  exceedingly  slow  on  this  mineral  when 
pulverized  with  the  formation  of  phosphureted  hydrogen.  Nitric 
acid  acts  more  vigorously,  and  readily  dissolves  it  when  finely 
pulverized.  The  corajwsition  of  this  substance  has  in  all  cases  but 
one  been  made  out  from  the  residue  of  meteoric  iron,  after  having 
been  acted  on  by  hydrochloric  acid,  which  accounts  for  the  great 
variation  in  the  statements  of  the  proportion  of  its  constituent**. 

Mr.  Fisher  examined  pieces  of  schreibersite  detached  from  the 
Braunau  iron  with  the  following  results:  iron,  55.430;  nickel, 
25.015:  phosphorus,  11.722  ;  chrome,  2.850 ;  carbon,  1.156;  silex, 
0.985=98.158. 

The  results  of  my  analyses  do  not  differ  very  materially  from 
this.     They  are  as  follows : 

1  2  S 

Iron 57.22  66.04  56.58 

Nickel 25.82  26.48  28.02 

Cobalt 32  .41  .28 

Copper trace  not  est.  .... 

Phosphorus 18.92  ....  14.86 

Silica 1.62  

Alumina 1.63  

Zinc trace  not  est.            

Chlorine 18  

100.66  99.69 

Nos.  1  and  2  were  separated  mechanically  from  the  iron ;  No. 
3  chemically.     The  silica,  alumina,  and  lime  were  almost  entirely 
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absent  from  No.  3,  and  in  the  other  specimen  they  are  due  to  a 
siliceous  mineral  that  I  have  found  attached  in  small  particles 
to  the  schreibersite.  There  is  no  essential  difference  in  my  re- 
sults; yet  in  neither  instance  do  I  suppose  the  mineral  was  ob- 
tained perfectly  pure,  although  enough  so,  it  is  believed,  to  fur- 
nish the  correct  chemical  formula ;  and  as  from  what  has  been 
previously  said  schreibersite  will  be  found  to  exist  in  larger 
quantities  than  it  was  suspected,  it  will  not  be  long  before  the 
question  of  the  uniformity  of  its  composition  will  be  settled,  a 
point  of  interest  bearing  upon  the  theoretical  consideration  of  me- 
teoric stones. 

The  formula  of  schreibersite  I  consider  to  be  Ni*  Fe^  P. 

Atom^  Per  cent. 

Phosphorus 1  15.47 

Nickel 2  29.17 

Iron 4  55.36 

This  mineral,  although  not  usually  much  dwelt  upon  when 
speaking  of  meteorites,  is  decidedly  the  most  interesting  one 
associated  with  this  class  of  bodies,  even  more  so  than  the  nickel- 
iferous  iron.  It  has  no  representative  in  genus  or  species  among 
terrestrial  minerals,  and  is  one  possessed  of  highly  interesting 
properties.  Although  among  terrestrial  minerals  phosphates  are 
found,  not  a  single  phosphuret  is  known  to  exist.  So  true  is  this 
that,  with  our  present  knowledge,  if  any  one  thing  could  convince 
me  more  strongly  than  another  of  the  non-terrestrial  origin  of 
any  natural  body,  it  would  be  the  presence  of  this  or  some  similar 
phosphuret.  It  is  commonly  alluded  to  as  a  residue  from  the 
action  of  hydrochloric  acid  upon  meteoric  iron,  when  in  fact  it 
exists  in  plates  and  fragments  of  some  size  in  almost  all  meteoric 
iron,  and  there  is  reason  to  believe  that  it  is  never  absent  from 
any  of  them  in  some  form  or  other.  What  is  meant  by  "some 
size"  is  that  it  is  in  pieces  large  enough  to  be  seen  by  the  naked 
eye  and  to  be  detached  mechanically. 

In  an  examination  of  the  meteoric  specimens  in  the  Yale 
College  Cabinet  more  than  half  of  them  have  been  discovered 
to  feontain  schreibersite,  visible  to  the  eye,  that  had  been  consid- 
ered pyrites.  Among  them  the  large  Texas  meteorite  was  ex- 
amined; and,  although  none  was  visible  on  the  surface,  a  small 
fragment  of  the  same  mass  given  me  by  Prof.  Silliman  contains 
a  piece  of  schreibersite  of  over  a  grain  weight. 


Digitized  by 


Google 


MEMOIR  ON  METEORITES.  373 

The  reason  why  it  has  not  attracted  more  attention  arises  from 
its  resemblance  to  pyrites.  I  will  therefore  state  a  ready  manner 
of  telling  whether  it  be  such  or  not. 

Detach  a  small  fragment  and  hold  a  magnet  capable  of  sus- 
taining  five  or  six  ounces  or  more  within  half  an  inch  or  an 
inch  of  the  fragment.  If  it  be  schreibersite  it  will  be  attracted 
with  great  readiness,  the  magnetic  pyrites  requiring  a  very  close 
approximation  of  the  magnet  before  attracted.  This,  with  some 
little  experience,  becomes  a  ready  method  of  separating  the  two. 
It  is  not,  however,  to  be  expected  that  this  method  alone  is  to 
satisfy  us  when  other  means  can  be  appealed  to  for  distinguish- 
ing this  mineral.  The  following  is  one  which  is  readily  accom- 
plished with  the  smallest  fragment  (half  a  milligramme).  Melt 
in  a  small  loop  of  platinum  wire  a  little  carbonate  of  soda ;  add 
the  smallest  fragment  of  nitrate  of  soda  and  the  piece  of  mineral ; 
hold  the  mixtbre  in  the  flame  of  a  lamp  for  two  or  three  minutes ; 
place  the  bead  of  soda  in  a  watch-glass ;  add  a  little  water,  and 
filter.  To  the  filtrate  add  a  drop  or  two  of  acid  to  neutralize 
the  excess  of  carbonate  of  soda;  evaporate  nearly  to  dryness; 
add  a  drop  of  ammonia,  and  then  a  drop  of  ammoniacal  sulphate 
of  magnesia,  when  the  double  phosphate  of  magnesia  and  am- 
monia will  show  itself,  and  the  crystalline  form  will  be  recognized 
under  the  microscope.  If  the  piece  examined  be  several  milli- 
grammes in  weight,  the  operation  can  be  carried  on  in  a  small 
platinum  capsule.  This  reaction  can  also  be  had  by  acting  on 
the  mineral,  however  small  the  piece,  by  aqua  regia;  evaporate 
until  only  a  little  of  the  liquid  is  left ;  add  a  little  tartaric  acid, 
then  a  drop  or  two  of  ammonia  to 'supersaturate  the  acid;  and 
lastly,  a  little  ammoniacal  sulphate  of  magnesia,  when  the  crys- 
tals of  the  double  phosphate  of  magnesia  and  ammonia  will 
appear. 

4.  Protochloride  of  iron, — In  breaking  open  one  of  the  fissures  of 
this  meteoric  iron  a  small  amount  of  a  green  substance  was  ob- 
tained that  was  easily  soluble  in  water;  and  although  not  ana- 
lyzed quantitively,  it  left  no  doubt  upon  my  mind  as  to  its  being 
proto- chloride  of  iron;  and  the  manner  of  its  occurrence  gave 
strong  evidence  of  its  being  an  original  constituent  of  the  mass, 
and  not  formed  since  the  fall  of  the  mass.  Chloride  of  iron  was 
apparent  on  various  parts  of  the  iron  by  its  deliquescence  on  the 
surface. 
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2.  Meteoric  Iron  from  Campbell  County,  Tenn. 

This  meteorite  was  found  in  July,  1853,  in  Campbell  County, 
Tenn.,  in  Stinking  Creek,  which  flows  down  one  of  the  narrow  val- 
leys of  the  Cumberland  Mountains.  It  was  found  by  a  Mr.  Arnold 
in  the  channel  of  this  stream ;  and  having  been  obtained  by  Prof. 
Mitchell,  of  Knoxville,  he  kindly  presented  it  to  me.  It  is  a  small 
oval  mass,  two  and  a  fourth  inches  long,  one  and  three  fourths 
broad,  and  three  fourths  thick,  with  an  irregular  surface  and  sev- 
eral cavities  perforating  the  mass.  It  was  covered  with  a  thin 
coat  of  oxide ;  and  on  one  half  of  it  chloride  of  iron  was  deliquesr 
cing  from  the  surface,  while  on  another  portion  there  was  a  thin 
siliceous  coating. 

The  iron  composing  the  mass  was  quite  tough,  highly  crystal- 
line, and  exhibited  small  cavities  on  being  broken,  resembling  very 
much  in  this  respect,  as  well  as  in  many  other  points,  the  Hom- 
mony  Creek  iron.  A  polished  sur&ce  when  etched  exhibited  dis- 
tinct irregular  Widmannstattian  figures. 

The  weight  is  four  and  a  third  ounces;  specific  gravity  7.05. 
The  lowness  of  the  specific  gravity  is  accounted  for  by  its  porous 
nature.     Composition : 

Iron 97.64 

Nickel 25 

Cobalt 60 

Copper,  too  small  to  be  estimated. 

Carbon  - 1.50 

Phosphorus 12 

Silica 1.05 

100.62 
Chlorine  exists  in  some  parts  in  minute  proportion.    The  quan- 
tity of  nickel,  it  will  be  seen,  is  quite  small;  but  its  composition 
is  nevertheless  perfectly  characteristic  of  its  origin. 

3.  Meteoric  Iron  from  Coafiuila,  Mexico. 

This  meteorite  was  brought  to  this  country  by  Lieut.  Goucb, 
of  the  United  States  Army,  he  having  obtained  it  at  Saltillo,  It 
was  said  to  have  come  from  the  Sancha  estate,  some  fifty  or  sixty 
miles  from  Santa  Rosa,  in  the  north  of  Coahuila.  Various  accounts 
were  given  of  the  precise  locality,  but  none  seemed  very  satisfac- 
tory. When  first  seen  by  Lieut.  Gouch  it  was  used  as  an  anvil, 
and  had  been  originally  intended  for  the  Society  of  Geography  and 


Digitized  by 


Google 


MEMOIR  ON   METEORITES. 


375 


Statistics  in  the  City  of  Mexico.  It  is  stated  that  where  this  mass 
was  found  there  are  many  others  of  enormous  size.  These  stones, 
however,  it  is  well  known,  are  to  be  received  with  many  allow- 
ances. Mr.  Weidner,  of  the  mines  of  Freiberg,  states  that  near 
tlie  southwestern  edge  of  the  Balson  de  Mapimi,  on  the  route  to 
the  mines  of  Parral,  there  is  a  meteorite  near  the  road  of  not  less 
than  a  ton  weight.  Lieut.  Gouch  also  states  that  the  intelligent 
but  almost  unknown  Dr.  Berlandier  writes  in  his  journal  of  the 
commission  of  limits  that  at  the  hacienda  of  Venagas  there  was 
(1827)  a  piece  of  iron  that  would  make  a  cylinder  one  yard  in 
length,  with  a  diameter  of  ten  inches.  It  was  said  to  have  been 
brought  from  the  mountains  near  the  hacienda.  It  presented  no 
crystalline  structure,  and  was  quite  ductile. 

The  meteoric  mass  in  question,  which  is  at  the  Smithsonian 
Institution,  is  of  the  form  represented  in  the  figure,  and  one  well 


Fig.  2. 

adapted  for  an  anvil.  Its  weight  is  two  hundred  and  fifty-two 
pounds,  and  from  several  flattened  places  I  am  led  to  suppose  that 
pieces  have  become  detached.  The  surface,  although  irregular  in 
some  places,  is  rather  smooth,  with  only  here  and  there  thin  coat- 
ings of  rust,  and,  as  might  be  expected,  but  very  feeble  evidence  of 
chlorine,  and  that  only  on  one  or  two  spots  on  the  surface.  Spe- 
cific gravity  7.81.  It  is  highly  crystalline,  quite  malleable,  and 
not  difficult  to  cut  with  the  saw.  Its  surface  etched  with  nitric 
acid  presents  the  Widmannstattian  figures,  with  a  finely-specked 
surface  between  the  lines,  resembling  the  representation  we  have 
of  the  etched  surface  of  Hauptmannsdorf  iron.  Schreibersite  is 
visible  in  the  iron,  but  so  inserted  in  the  mass  that  it  can  not  be 
readily  detected  by  mechanical  means.    Hydrochloric  acid  leaves  a 
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residue  of  beautifully  brilliant  patches  of  this  mineral.     Subjected 
to  analysis  it  was  found  to  contain 

Iron    95.82 

Cobalt 36 

Nickel    3.18 

Copper,  minute  quantity,  not  estimated. 

Phosphorus 24 

99.59 
Which  corresponds  to 

Nickeliferoue  iron 98.45 

Schreiberflite 1.65 

100.00 
The  iron  is  remarkably  free  from  other  constituents.      It   is 
especially  interesting  as  the  largest  ma.ss  of  meteoric  iron  in  this 
country  next  to  the  Texas  meteorite  at  Yale  College. 

4.  Meteoric  Iron  from  Tucson,  Mexico. 

We  have  had  several  accounts  of  meteoric  masses  which  exi^t 
at  Tucson,  Dr.  J.  L.  LeConte  having  made  them  known  some  few 
years  ago.  Since  that  time  Mr.  Bartlett,  of  the  Boundary  Com- 
mission, has  seen  them  and  made  a  drawing  of  one  which  he  has^ 
kindly  allowed  me  the  use  of,  as  well  as  the  manuscript  notice  of 
them,  which  is,  however,  quite  brief.  This  mass  is  used  for  au 
anvil,  resembles  native  iron,  and  weighs  about  six  hundred  pound.<. 
Its  greatest  length  is  five  feet.  Its  exterior  is  quite  smooth,  while 
the  lower  part  which  projects  from  the  larger  leg  is  very  jagged 
and  rough.  It  was  found  about  twenty  miles  distant  toward 
Tubac,  and  about  eight  miles  from  the  road,  where  we  are  told  are 
many  larger  masses.  The  following  figure  (3)  represents  the 
appearance  of  that  meteorite. 

Since  my  communication  last  April  I  have  obtained  fragment.s 
of  the  meteorite  from  Lieut.  John  G.  Parke,  of  the  U.*6.  Topo- 
graphical Engineers,  who  cut  them  from  the  mass  at  Tucson,  and 
to  whose  kindness  I  feel  much  indebted. 

Some  of  the  fragments  were  entirely  covered  with  rust,  and 
in  some  parts  little  blisters  existed,  arising  from  chloride  of  iron. 
Portions  of  the  broken  surface  retain  their  metallic  luster  untar- 
nished. The  Widmannstattian  figures  are  very  imperfectly  devel- 
oped, owing  to  the  porous  nature  of  the  iron,  the  pores  of  which 
are  filled  with  a  stony  mineral.      The  specific  gravity  taken  on 
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three  specimens  was  6.52,  6.91,  7.13.  The  last  was  the  most 
compact  and  free  from  stony  particles  that  could  be  found,  and 
upon  that  the  chemical  examination  was  made.* 


Fig.  3. 

On  examination  it  is  seen  to  consist  of  two  distinct  part.s, 
metallic  and  stony.  The  latter  was  only  in  minute  particles, 
yet  it  was  impossible^  among  the  specimens  at  my  disposal,  to 
find  a  piece  that  was  without  it.  On  analysis  the  following  in- 
gredients were  found : 

Iron    8r).r)4 

Nickel    8.55 

Cobalt <)! 

CopfHir 03 

Phosphorus 12 

Chromic  oxido    .21 

Magnesia 2.04 

Silica    3.02 

Alumina trace 


Which  represent  the  following  minerals: 


Nickeliferous  iron 

Chrome  iron   

Schreibersito 

Olivine 


100.12 


1»3.81 

.41 

.84 

.").0<> 

100.12 


♦  This  iron  is  now  in  the  Smith-*onian  Institution,  and  has  been  for  several 
years.     April,  1873. 
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Some  few  particles  of  olivine  were  separated  mechanically,  anil 
readily  recognized  as  such  under  the  magnifying  glass  in  connec- 
tion with  the  action  of  acids,  which  readily  decompose  it,  furnish- 
ing silica  and  magnesia.  Some  of  the  olivine  is  in  a  pulverulent 
condition,  resembling  that  of  the  Atacama  iron.  The  nickel iferou.* 
iron  of  this  Tucson  meteorite  also  resembles  that  of  the  Atacama 
iron.  Calculated  from  the  above  results  it  consists  of:  Iron,  90.91; 
nickel,  8.46;  cobalt,  63;  copper,  trace=100.00. 

This  meteorite  is  one  of  much  interest,  and  it  is  to  be  hoped 
that  some  of  our  enterprising  U.  S.  Topographical  Engineers  will 
yet  be  able  to  persuade  the  owners  to  part  with  it,  and  bring  it  to 
this  country. 

5.  Meteoric  Iron  of  Chihuahua,  Mexico. 

For  the  description  of  this  meteorite  I  am  indebted  to  the  maii- 
iiscript  of  Mr.  Bartlett,  and  had  hoped  to  have  obtained  a  fragment 


Fig.  4. 

of  it  for  examination  from  Dr.  Webb,  who  detached  pieces  from 
the  mass ;  but  when  applied  to  they  were  no  longer  in  his  posses- 
sion. It  exists  at  the  Hacieivda  de  Conception,  about  ten  miles  from 
Zapata.     **The  form  is  irregular.     Its  greatest  height  is  forty-six 
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inches;  greatest  breadth  thirty-seven  inches;  circumference  in 
thickest  part  eight  feet  three  inches.  Its  weight,  as  given  by 
Senor  Urquida,  is  about  three  thousand  eight  hundred  and  fifty- 
tliree  pounds.  It  is  irregular  in  form,  as  seen  by  the  figure ;  and 
one  side  is  filled  with  deep  cavities,  generally  round  and  of  various 
dimensions.  At  its  lower  part,  as  it  now  stands,  is  a  projecting  leg, 
quite  similar  to  the  one  on  the  meteorite  at  Tucson.  The  back  or 
broadest  part  is  less  jagged  than  the  other  portions,  and  contains 
fewer  cavities,  yet,  like  the  rest,  is  very  irregular." 


PART  II. 
THEORETICAL  CONSIDERATIONS. 

Under  this  head  no  mention  will  be  made  of  the  phenomena 
accompanying  the  fall  of  meteorites,  as  their  light,  noise,  bursting, 
and  their  black  coating,  which  arise  after  the  bodies  have  entered 
the  atmosphere,  and  are  brought  about  by  its  agency.  This  omis- 
sion will  afifect  in  no  way  the  theoretical  views  under  consideration, 
and  the  introduction  of  these  particulars  would  uselessly  increase 
the  length  of  this  memoir. 

The  lessons  to  be  learned  from  meteorites,  both  stony  and  me- 
tallic, are  probably  not  as  much  appreciated  as  they  ought  to  be. 
We  are  usually  satisfied  with  an  analysis  of  them  and  surmises  as 
to  their  origin,  without  due  consideration  of  their  physical  and 
chemical  characters. 

The  great  end  of  science  is  to  generalize  facts  that  are  observed. 
Thus  terrestrial  gravitation  has  been  extended  to  the  solar  system, 
and  in  fact  to  the  whole  universe.  The  astronomer  by  his  discov- 
eries only  proves  the  universality  of  this  one  law  of  nature  operat- 
ing on  matter.  He  has  found  no  evidence  that  any  other  force  per- 
taining to  terrestrial  matter  displays  itself  in  a  similar  manner  in 
other  spheres.  However  true  and  self-evident  it  may  appear  that 
all  matter  in  space  is  under  the  same  laws,  be  they  those  of  grav- 
itation, cohesion,  chemical  affinity,  etc.,  it  is  none  the  less  interest- 
ing to  have  the  fact  proved ;  and  meteorites  when  looked  upon  as 
bringing  these  proofs  acquire  additional  interest. 

Meteorites  studied  in  the  way  just  mentioned  lead  us  to  the 
inference  that  the  materials  of  the  earth  are  exact  representatives 
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of  the  materials  of  our  system,  for  up  to  the  present  time  no  ele- 
ment has  been  found  in  a  meteorite  that  has  not  its  counterpart 
on  the  earth ;  or,  if  we  are  not  warranted  in  making  such  a  broad 
assumption,  we  certainly  have  the  proof,  as  far  as  we  may  ever 
expect  to  .get  it,  that  materials  of  other  portions  of  the  universe- 
are  identical  with  those  of  our  earth. 

Meteorites  also  show  that  the  laivs  of  erystaUiaation  in  bodies 
foreign  to  the  earth  are  the  same  as  those  affecting  terrestrial  mat  - 
ter,  and  in  this  connection  we  may  instance  pyroxene,  olivine,  and 
chrome  iron,  affording  in  their  crystalline  form  angles  identical 
with  those  of  terrestrial  origin. 

But  perhaps  of  all  the  interesting  facts  under  this  head  devel- 
oped by  meteorites  is  the  universality  of  the  laws  of  chemical  affin- 
ity, or  the  truth  that  all  the  laws  of  chemical  combination  an<l 
atomic  constitution  are  to  be  equally  well  seen  in  extra  terrestrial 
and  terrestrial  matter;  so  that  were  Dalton  or  Berzelius  to  seek  f«)r 
the  atomic  weights  of  iron,  silica,  or  magnesia,  they  might  leaui 
them  as  well  from  meteoric  minerals  as  from  those  taken  from  the 
bowels  of  the  earth.  The  atomic  constitution  of  meteoric  aiior- 
thite  or  of  pyroxene  is  the  same  as  that  which  exists  in  our  own 
rocks. 

Keeping  in  view  then  the  physical  and  chemical  charaeterj*  of 
meteorites,  I  propose  to  offer  some  theoretical  considerations,  whicli 
to  be  fully  appreciated  must  be  followed  step  by  step.  These  views 
are  not  offered  because  they  individually  possess  particular  novelty. 
It  is  the  manner  in  which  they  are  combined  to  which  especial 
attention  is  called. 

Physical  Characteristics  to  he  noted  in  Meteorites. 

The  first  physical  characteristic  to  be  noted  is  their  form.  No 
masses  of  rock,  however  rudely  detached  from  a  quarry,  or  bla.steil 
from  the  side  of  a  mountain,  or  ejected  from  the  mouth  of  a  vol- 
cano, would  present  more  diversity  of  form  than  meteoric  stones. 
They  are  rounded,  cubical,  oblong,  jagged,  flattened,  and  in  fine 
they  present  a  great  variety  of  fantastic  shapes.  Now  the  fact  of 
form  I  conceive  to  be  a  most  important  point  for  consideration  in 
regard  to  the  origin  of  these  bodies ;  as  the  form  alone  is  strong 
proof  that  the  individual  meteorites  have  not  always  been  cosmical 
bodies,  for  had  they  been  their  form  must  have  been  spherical  or 
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spheroidal.  As  this  is  not  so,  it  is  reasonable  to  suppose  that  at 
one  time  or  another  they  must  have  constituted  a  part  of  some 
larger  mass.  But  as  this  subject  will  be  taken  up  again,  I  pass  to 
another  point,  namely,  the  crystalline  structure,  more  especially 
that  of  the  iron,  and  the  complete  separation  in  nodules,  in  the 
interior  of  the  iron,  of  sulphuret  and  phosphuret  of  the  metals 
constituting  the  mass.  When  this  is  properly  examined  it  is  seen 
that  these  bodies  must  have  been  in  a  plastic  state  for  a  great 
length  of  time,  for  nothing  else  could  have  determined  such  crys- 
tallization as  we  see  in  the  iron,  and  allow  such  perfect  separation 
of  sulphur  and  phosphorus  from  the  great  bulk  of  the  metal,  com- 
bining only  with  a  limited  portion  to  form  particular  minerals ; 
and  did  we  aim  to  imitate  such  separation  by  artificial  processes, 
we  could  only  hope  to  do  it  by  retaining  the  iron  in  a  plastic  con- 
dition for  a  great  length  of  time.  Also,  no  other  agent  than  fire 
can  be  conceived  of  by  which  this  metal  could  be  kept  in  the  con- 
dition requisite  for  the  separation. 

If  these  facts  with  reference  to  the  crystalline  structure  be  ad- 
mitted, the  natural  suggestion  is  that  they  could  only  have  been 
thus  heated  while  a  part  of  some  large  body. 

Another  physical  fact  worthy  of  being  noticed  here  is  the  man- 
ner in  which  the  metallic  iron  and  stony  parts  are  often  interlaced 
and  mixed,  as  in  the  Pallas  and  Atacama  irons,  where  nickeliferous 
iron  and  olivine  in  nearly  equal  portions  (by  bulk)  are  intimately 
mixed,  so  that  when  the  olivine  is  detached  the  iron  resembles  a 
very  coarse  sponge.  This  is  an  additional  fact  in  proof  of  the 
great  heat  to  which  the  meteorites  must  have  been  submitted,  for 
with  our  present  knowledge  of  physical,  laws  there  is  no  other  way 
in  which  we  can  conceive  that  such  a  mixture  of  iron  and  olivine 
could  have  been  produced. 

Other  physical  points  might  be  noticed,  but  as  they  are  familiar 
to  all,  and  would  add  nothing  to  the  theoretical  considerations, 
they  will  be  passed  over. 

MiNERALOOICAL  AND    ChEMICAL   PoINTS  IN   METEORITES. 

The  rocks  or  minerals  of  meteorites  are  not  of  a  sedimentary 
character,  nor  such  as  are  produced  by  the  action  of  water.  This 
\B  obvious  to  any  one  who  will  examine  these  bodies.  A  miner- 
alogist will  also  be  struck  with  the  thin  dark- colored  coating  on 
the  surface  of  the  stony  meteorites.     The  coating,  in  most  if  not 
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in  all  iDstances,  is  of  atmospheric  origin,  being  acquired  after  the 
meteorite  enters  the  atmosphere,  and  as  such  no  further  notice 
will  be  taken  of  it ;  but  I  will  proceed  at  once  to  notice  the  most 
interesting  peculiarities  under  this  head.  First  of  all,  metallic 
iron,  alloyed  with  more  or  less  nickel  and  cobalt,  is  of  constant 
occurrence  in  meteorites,  with  but  three  .or  four  exceptions — ^in 
some  instances  constituting  the  entire  mass,  at  other  times  dissemi- 
nated in  fine  particles  through  stony  matter.  The  existence  of  this 
highly  oxidizable  mineral  in  its  metallic  condition  is  a  }>ositive 
indication  of  a  scarcity  or  total  absence  of  oxygen  (in  its  gaseous 
state  or  in  the  form  of  water)  in  the  locality  whence  it  came. 

Another  mineralogical  character  of  significance  is  that  tlie 
stony  portions  of  the  meteorites  resemble  the  older  igneous  rocks, 
and  in  even  a  more  striking  manner  the  volcanic  rocks  belonging 
to  various  active  and  extinct  volcanoes.  It  is  useless  to  dwell 
on  this  fact,  as  it  is  one  well  known  to  all  mineralogists  who  may 
have  examined  this  matter ;  and  none  have  given  more  especial 
attention  to  it  than  Rammelsberg,  who,  in  a  paper  published  in 
1849,  details  his  examination  of  a  great  variety  of  lavas,  and 
traced  the  perfect  parallelism  between  them  and  stony  met(.K)r- 
ites.  He  showed  that  the  Juvena.s  stone  has  the  same  constitution 
as  the  Thjorsa  lava  of  Heckla,  both  consisting  substantially  of 
augite  and  anorthite,  even  in  nearly  the  same  relative  proj)or- 
tions ;  while  the  Chateau  Renard  and  Nordhausen  stones  have 
labradorite  replacing  the  anorthite;  and  the  Blansko,  Chan  ton- 
nay,  and  Utrecht  stones  have  oligoclase  as  the  feldspar,  and 
resemble  the  lavas  of  ^tna,  Strom boli,  and  the  newer  lavas  of 
Heckla. 

The  inference  to  be  drawn  from  the  last  character  is  ver}'  evi- 
dent. It  is  highly  significative  of  the  igneous  origin  of  these 
bodies,  and  of  an  igneous  action  similar  to  that  now  existing  in 
our  volcanoes. 

,  Yet  another  point  of  resemblance  to  certain  of  our  terrestrial 
igneous  rocks  is  the  presence  of  metallic  iron,  for  lately  Mr.  An- 
drews has  proved  the  existence  of  metallic  iron  in  basaltic  rocks : 
but  this  will  not  be  insisted  on,  as  the  quantity  of  iron  discovered 
in  basaltic  rocks  is  so  minute  as  only  to  be  detected  by  the  most 
delicate  means  of  investigation. 

Ever  since  the  labors  of  Howard  in  1802  the  chemical  consti- 
tution of  meteorites  has  attracted  much  attention,  more  especially 
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the  elements  associated  in  the  metallic  portion ;  and  although  we 
find  no  new  elements,  still  their  association,  so  far  as  yet  known, 
is  peculiar  to  this  class  of  bodies.  Thus  nickel  is  a  constant  asso- 
ciate of  iron  in  meteorites  (if  we  except  the  Oswego,  N.  Y.,  mete- 
orite, upon  whose  claims  to  meteoric  origin  there  yet  remains  some 
doubt) ;  and  although  cobalt  and  copper  are  mentioned  only  as 
occasional  associates,  in  my  examination  of  near  thirty  known 
meteorites  (in  more  than  one  half  of  which  these  constituents 
were  not  mentioned)  I  have  found  both  of  the  last- mentioned 
metals  as  constantly  as  the  nickel.  With  our  more  recent  method 
of  separating  cobalt  from  nickel  very  accurate  and  precise  results 
can  be  obtained  as  relates  to  the  cobalt.  The  copper  exists  always 
in  so  minute  proportion  that  the  roost  careful  manipulation  is  re- 
quired to  separate  it. 

Another  element  frequently  but  not  always  mentioned  as  asso- 
ciated with  the  iron  is  phosphorus.  Here  again  my  testing  of 
thirty  specimens  led  me  to  a  similar  generalization  concerning 
phosphorus;  namely,  that  no  meteoric  ir6n  is  to  be  expected 
without  it.  My  examination  has  extended  as  well  to  the  metallic 
particles  separated  from  the  stony  meteorites  as  to  the  meteoric 
irons  proper.  It  may  be  even  further  stated  that  in  most  instances 
the  phosphorus  was  traceable  directly  to  the  mineral  schreibersite. 

These  four  elements  then — iron,  nickel,  cobalt,  and  phospho- 
rus— I  consider  remarkably  constant  ingredient:?.  First  in  the 
meteoric  irons  proper,  and  secondly  in  the  metallic  particles  of 
the  stony  meteorites ;  there  being  only  some  three  or  four  mete- 
orites among  hundreds  that  are  known  in  which  they  are  not 
recognized. 

As  regards  the  combination  of  these  elements  it  is  worthy  of 
remark  that  no  one  of  them  is  associated  with  oxygen,  although 
all  four  of  them  have  strong  affinity  for  this  element,  and  are 
never  found  (except  copper)  in  the  earth  uncombined  with  it, 
except  where  some  similar  element  (as  sulphur,  etc.)  supplies  its 
place* 

The  inference  of  the  absence  of  oxygen  in  a  gaseous  condition, 
or  in  water,  is  drawn  from  such  substances  as  iron  and  nickel  being 
in  their  metallic  state,  as  has  been  just  mentioned.  But  it  must 
not  be  inferred  that  oxygen  is  absent  in  all  forms  at  the  place  of 

•The  traces  of  iron  found  in  basaltic  rock  already  alluded  to  form  too 
insignificant  an  exception  to  be  insisted  on. 
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origin  of  meteorites,  for  the  silica,  magnesia,  protoxide  of  iron, 
etc. ,  contain  this  element.  The  occurrence  of  one  class  of  oxides 
and  not  another  would  indicate  a  limited  supply  of  the  element 
oxygen,  the  more  oxidizable  elements,  as  silicon,  magnesium,  etc., 
having  appropriated  it  in  preference  to  the  iron. 

Many  other  elements  worthy  of  notice  might  be  mentioned 
here,  and  some  of  them,  for  aught  we  know,  may  be  constant 
ingredients;  but  in  the  absence  of  strong  presumption  at  least  on 
this  head  they  will  be  passed  over,  as  those  already  mentioned 
suffice  for  the  support  of  all  theoretical  views  to  be  advanced. 

I  can  not,  however,  avoid  calling  attention  to  the  presence  of 
carbon  in  certain  meteorites;  for  although  its  existence  is  denied  by 
some  chemists,  it  is  nevertheless  a  fact  that  can  be  as  easily  estab- 
lished as  the  presence  of  the  nickel.  The  interest  to  be  attached 
to  it  is  due  to  the  fact  that  it  is  so  commonly  regarded  in  the  light 
of  an  organic  element.  It  serves  to  strengthen  the  notion  that 
carbon  can  be  of  pure  mineral  origin,  for  no  one  would  be  likely  to 
suppose  that  the  carbon  found  its  way  into  a  meteorite  either 
directly  or  indirectly  from  an  organic  source. 

Having  thus  noted  the  predominant  physical,  mineralogical, 
and  chemical  characteristics  of  meteorites,  I  pass  on  to  the  next 
head. 

Marked  Points  of  Similarity  in  the  Constitution  of 
Meteoric  Stones. 

Had  this  class  of  bodies  not  possessed  certain  properties  dis- 
tinguishing them  from  terrestrial  minerals,  much  doubt  would 
even  now  be  entertained  of  their  celestial  origin,  and  various 
would  be  the  explanations  made  even  in  those  cases  where  the 
bodies  were  seen  to  fall,  and  afterward  collected.  Chemistry  has 
entirely  dissipated  all  doubts  in  the  matter,  and  now  an  examina- 
tion in  the  laboratory  of  the  chemist  is  entitled  to  more  credit  than 
evidence  from  any  other  source  in  pronouncing  on  the  meteoric 
origin  of  a  body.  No  question  need  be  asked  as  to  whether  it  was 
seen  to  fall,  or  whether  this  or  that  rock  or  mineral  exists  in  the 
neighborhood  where  it  may  have  been  collected.  The  re-agents  of 
the  chemist  alone  are  unerring  indications  that  suffice  to  set  aside 
all  caviling  in  the  matter. 

It  is  the  object  of  this  part  of  the  paper  to  explain  more  promi- 
nently perhaps  than  has  yet  been  done  how  it  is  that  chemistry 
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pronounces  with  such  unerring  certainty  on  the  celestial  origin 
of  certain  bodies;  and  I  propose  to  go  even  a  step  farther,  and 
see  if  the  chemical  constitution  of  the  meteorites  can  indicate  from 
what  part  of  the  heavens  they  may  have  come: 

When  the  minerulogical  and  chemical  composition  of  these 
bodies  are  regarded,  the  most  ordinary  observer  will  be  struck  with 
the  wonderful  family  likeness  running  through  them  all,  however 
unlike  at  first  sight.  There  will  be  seen  to  be  three  great  divisions 
of  meteoric  bodies  (omitting  three  or  four) ;  namely,  metallic, 
stony  with  small  particles  of  metal,  and  a  mixture  of  metallic  and 
stony,  in  which  the  former  predominates,  as  in  the  Pallas  and 
Atacama  meteorities. 

As  regards  external  appearances,  these  three  classes  differ  in  a 
very  marked  manner  from  each  other  :  The  meteoric  iron  being 
ordinarily  of  a  compact  structure,  more  or  less  corroded  externally, 
and  when  cut  showing  a  dense  structure  with  most  of  the  pecu- 
liarities of  pure  iron,  only  a  little  harder  in  texture  and  whiter  in 
color.  The  stony  mefeorites  are  usually  of  a  gray  or  greenish -gray 
color,  granular  structure,  readily  broken  by  a  blow  of  the  hammer, 
and  exteriorly  are  covered  with  a  thin  coating  of  fused  material. 
The  mixed  meteorite  presents  characters  of  both  of  the  above ;  a 
large  portion  of  it  is  constituted  of  the  kind  of  iron  already  men- 
tioned, cellular  in  its  character,  and  the  cells  filled  up  with  stony 
materials,  similar  in  appearance  to  those  constituting  the  second 
class. 

Although  there  are  some  instances  of  bodies  of  undoubted 
meteoric  origin  not  falling  properly  under  either  of  the  above 
three  heads,  still  they  will  be  seen  upon  close  investigation  not  to 
interfere  in  any  way  with  the  general  conclusions  that  are  at- 
tempted to  be  arrived  at;  for  these  constituents  are  represented 
in  the  stony  materials  of  the  second  class,  from  which  their  only 
essential  difference  consists  in  the  absence  of  metallic  particles. 

If  we  now  examine  chemically  the  three  classes  mentioned,  we 
find  them  all  possessed  of  certain  common  characteristics  that  link 
them  together,  and  at  the  same  time  separate  them  from  every 
thing  terrestrial.  Take  first  the  metallic  masses;  and  in  very 
many  instances,  in  some  fissure  or  cavity  exposed  by  sawing  or 
otherwise,  stony  materials  will  frequently  be  found,  and  a  stony 
crystal  is  sometimes  exposed;  now  examine  the  composition  of 
these,  and  then  compare  the  rasults  with  what  may  be  known  of 
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the  stony  meteorites,  and  in  every  instance  it  will  agree  with  some 
mineral  or  minerals  found  in  this  latter  class,  as  olivine  or  pyrt>x- 
ene,  most  commonly  the  former ;  but  in  no  instance  is  it  a  mineral 
not  found  in  the  sttny  meteorites.  If  these  last  in  their  turn  be 
examined,  differing  va.**tly  in  their  appearance  from  the  metallic 
meteorites,  they  will  with  but  two  or  three  exceptions  be  found  to 
contain  a  malleable  metal  identical  in  composition  with  the  metal 
constituting  the  metallic  meteorites. 

As  to  those  mixed  meteorites  in  which  the  metallic  and  stony 
portions  seem  to  be  equally  distributed,  their  two  elements  are  but 
representatives  of  the  two  classes  just  described.  Examined  in 
this  way,  there  will  be  no  difficulty  in  tracing  the  same  signature 
on  them  all,  indors^ing  the  above  as  their  true  character,  and  almost 
serving  to  tell  us  whence  they  came.  They  may  emphatically  be 
said  to  have  been  linked  in  their  origin  by  a  chain  of  iron. 

Tiiere  is  one  mineral  which  there  is  every  reason  to  believe  con- 
stantly accompanies  the  metallic  portions,  and  which  may  be  re- 
garded as  a  most  peculiar  mark  of  difference  between  meteorite^ 
and  terrestrial  bodies.  It  is  the  mineral  schreibersite  (see  first  part 
of  this  memoir),  to  which  the  constant  presence  of  phosphorus  in 
meteoric  iron  is  due.  This  mineral,  as  already  remarked,  has  no 
parallel  on  the  face  of  the  globe,  whether  we  consider  its  specific 
or  generic  character,  there  being  no  such  thing  as  phosphuret  of 
iron  and  nickel  or  any  other  phosphuret  found  among  minerab.. 
These  facts  render  the  consideration  of  schreibersite  one  of  much 
interest,  running  as  it  probably  does  through  all  meteorites,  and 
forming  another  point  of  separation  between  meteorites  and  ter- 
restrial objects. 

Another  striking  similarity  in  the  composition  of  meteorites  is 
the  limited  action  of  oxygen  on  them.  In  the  case  of  the  purely 
metallic  meteorites  we  trace  an  almost  total  absence  of  this  ele- 
ment. In  the  stony  meteorites  the  oxygen  is  in  combination  with 
silicon,  magnesium,  etc.,  forming  silica,  magnesia,  etc.,  that  com- 
bine with  small  portions  of  other  substances  to  form  the  predoni 
inant  earthy  minerals  of  meteorites.  When  iron  is  found  in  com- 
bination with  oxygen  it  is  found  in  its  lowest  state  of  oxidation,  as 
in  the  protoxide  of  the  olivine  and  chrome  iron  and  as  magnetic 
oxide. 

Without  going  further  into  detail  as  regards  the  similarity  of 
composition  of  meteorites,  they  will  be  seen  to  have  as  strongly 
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marked  points  of  resemblance  as  minerals  coming  from  the  same 
mountain — I  might  almost  say  from  the  same  mine — and  it  is  not 
asking  much  to  admit  their  having  a  common  center  of  origin^  and 
that,  whatever  the  body  from  which  they  originate,  it  must  con- 
tain no  uncombined  oxygen,  and,  I  might  even  add,  none  in  the 
form  of  water. 

What  is  this  center  of  origin  ?  Physics  does  not  point  it  out ; 
and  although  the  chemist  can  not  explore  the  elementary  constitu- 
tion of  any  of  the  other  great  celestial  bodies  than  the  earth,  he 
can  examine  thoaC  smaller  celestial  masses  which  come  to  the  earth, 
and  from  his  results  stand  on  a  firmer  basis  for  theoretical  conclu- 
sions. 

Origin  of  Meteoric  Stones. 

In  taking  up  tiie  theoretical  eonsidei:atious  of  the  origin  of 
meteoric  stones,  it  is  of  the  utmost  importance  to  reflect  well  be- 
fore we  confound  shooting-stars  and  meteoric  stones  as  all  belong- 
ing to  the  same  class  of  bodies — a  view  entertained  by  many  dis- 
tinguished observers.  It  is  doubtless  owing  to  the  fact  of  their 
having  been  confounded  that  but  little  advance  has  been  made  in 
settling  upon  the  origin  of  these  bodies;  in  fact,  owing  to  this 
manner  of  viewing  the  subject,  observers  such  as  Arago,  Bissel, 
Olbers,  and  others  have  turned  away  from  the  original  conception 
of  the  origin  of  the  meteoric  stones  to  views  of  a  different  charac- 
ter, based  on  ol>servations  of  the  shooting-stars. 

It  may  be  a  broad  assumption  to  start  with,  that  there  is  not  a 
single  evidence  of  the  identity  of  shooting-stars  (as  exemplified  by 
the  periodical  meteors  of  August  and  November)  and  these  meteors 
which  give  rise  to  meteoric  stones,  and  this  conclusion  is  one 
arrived  at  by  as  full  an  examination  of  the  subject  as  I  am  capable 
of  making.*  Some  of  the  prominent  reasons  for  such  a  conclu- 
sion will  be  mentioned. 

Were  shooting-stars  and  meteoric  stones  the  same  class  of  bodies, 
it  is  natural  to  suppose  that  the  fall  of  the  latter  would  be  most 
abundant  when  the  former  are  most  numerous.  In  other  words, 
these  periodic  occurrences  of  shooting-stars  in  August  and  Novem- 

*  Prof.  D.  Olmsted,  in  a  most  interesting  article  on  the  subject  of  meteors, 
to  bo  found  in  the  26th  volume  of  Amer.  Jour,  of  Science  and  Arts,  p.  182, 
insists  upon  the  difference  between  shooting-stars  and  meteorites,  and  the 
time  and  attention  he  has  devoted  to  the  phenomena  of  meteors  give  weight 
to  his  opinion. 
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ber,  and  more  particularly  those  immense  showers  that  have  been 
sometimes  seen,  ought  to  have  been  attended  with  the  falling  of 
one  or  more  meteoric  stones ;  whereas  there  is  not  a  single  instance 
on  record  where  these  showers  have  been  accompanied  with  the  fall- 
ing of  a  meteoric  stone.  Again,  in  all  instances  where  a  meteoric 
body  has  been  seen  to  fall,  and  has  been  observed  even  from  its 
very  commencement,  it  has  been  alone  and  not  accompanied  by 
other  meteors.  Very  little  reflection  will  serve  to  convince  any 
one  that  an  objection  to  the  identity  of  the  two  classes  of  bodies, 
based  upon  the  above  fact,  is  of  great  weight. 

Another  strong  objection  to  considering  the  bodies  of  the  same 
nature  is  based  on  the  want  of  proof  of  their  velocities  being  the 
same.  It  is  a  pretty  well-established  fact  that  the  average  velocity 
of  shooting-stars  is  sixteen  and  a  half  miles  a  second — a  result 
arrived  at  by  different  observers,  and  doubtless  a  close  approxima- 
tion to  the  truth,  as  from  the  constant  occurrence  of  shooting-stars 
thousands  of  observations  may  be  made  with  comparative  e^se  by 
different  observers  noting  the  same  stars.  Not  so  with  meteoric 
stones,  these  occurrences  being  rare,  sudden,  and  unexpected,  and 
no  two  observers  being  ever  prepared  to  note  the  data  requi.^^ite  for 
calculating  their  velocities;  besides,  I  am  prepared  to  prove  tlmt 
the  two  or  three  cases  of  snpposed  determination  of  velocities  of 
meteoric  stones  can  not  be  considered  even  gross  approximation  to 
the  truth ;  in  fact,  the  difficulties  in  the  way  are  so  great  that  we 
probably  never  shall  arrive  at  a  knowledge  of  their .  velocities.* 


*  Under  this  head  I  will  merely  note  what  is  considered  one  of  the  l)€^t 
established  cases  of  the  determination  of  velocity  of  a  meteoric  stone; 
namely,  that  of  the  Weston  meteorite,  the  velocity  of  which  Dr.  Bowditch 
estimated  to  "  exceed  three  miles  a  second.''  Mr.  Herrick  considers  the  vekx'- 
ity  very  much  greater,  and  writes  among  other  things  what  follows :  *'  The 
length  of  its  path,  from  the  observations  made  at  Rutland, Vt.,  and  at  Wes- 
ton, was  at  least  one  hundred  and  seven  miles.  This  space  being  divided  by 
the  duration  of  the  flight  as  estimated  by  two  observers — viz.,  thirty  seconds 
— we  have  for  the  meteor's  relative  velocity  about  ihree  and  a  half  ntiles  a 
second.  The  observations  made  at  Wenham,  Mass.,  are  probably  less  exact 
in  this  respect,  and  need  not  be  mentioned  here.  An  experienced'  observer, 
however  intelligent,  will  give  the  time  ten  or  even  twenty-fold  too  large. 
One  not  unversed  in  science  who  saw  the  meteor  is  confident  it  could  not 
have  been  in  sight  as  long  as  ten  seconds."  The  above  is  given  as  a  8j>eci- 
men  of  the  uncertain  data  we  are  to  proceed  upon  in  estimating  the  velocity 
of  meteoric  t tones. 
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Not  even  their  effect  on  striking  the  earth  will  furnish  any  data 
wherehy  to  calculate  their  velocities  before  entering  the  atmosphere, 
for  this  medium  mu^t  offer  such  enormous  resistance  to  bodies  pen- 
etrating at  great  velocities  that  these  velocities  must  be  reduced  to 
but  a  fraction  of  what  they  originally  were  ;•  and  it  is  a  question 
whether  a  body  entering  our  atmosphere  at  ten  miles  a  second 
would  penetrate  the  soil  to  a  much  greater  depth  than  one  entering 
it  at  five  miles  a  second,  for  the  increased  velocity  of  the  former 
would  cause  an  increased  resistance  in  the  atmosphere,  and  there- 
fore have  received  proportionally  a  greater  check  before  striking 
the  earth. 

Another  fact  tending  to  prove  a  disj*imilarity  between  shooting- 
stars  and  meteoric  stones  is  that  the  velocity  of  no  one  of  the  shoot- 
ing-stars has  been  observed  to  he  so  low  as  to  allow  of  4;heir  being 
considered  satellites  to  the  earth;  their  average  velocity  is  sixteen 
and  a  half  miles  a  second,  and  it  requires  a  reduction  to  less  than 
six  miles  a  second  for  them  to  assume  a  path  around  the  earth. 
Now  assume  what  we  may  as  to  the  original  orbit  of  the  meteoric 
stones,  and  as  to  their  original  velocity — let  their  orbit  be  around 
the  sun  and  their  velocity  sixteen  miles  a  second — there  is  one 
thing  we  know,  namely,  that  these  bodies  do  enter  our  atmosphere, 
and,  it  is  but  right  to  assume,  often  pass  through  the  atmosphere 
without  falling  to  the  earth,  sometimes  passing  through  the  very 
uppermost  portion  of  that  medium,  at  other  times  lower.  What 
becomes  of  their  original  assumed  velocity  after  this  passage? 
As  they  can  be  so  checked  as  to  be  drawn  to  the  earth's  sur- 
fece,  and  thus  stopped  altogether  in  their  passage,  their  velocities 
may  be  changed  to  any  velocity  from  sixteen  miles  a  second  to 
zero,  according  to  the  amount  of  resistance  they  meet  with  ;  and 
what  is  equally  true  in  this  connection  is,  that  when  the  velocity 
falls  below  six  miles  a  second  (or  thereabout)  they  can  no  longer 
escape  from  the  attraction  of  the  earth  and  resume  their  solar  orbit, 
but  must  revolve  as  a  satellite  around  the  earth  until  ultimately 
brought  to  its  surface  by  repeated  disturbances. 

'  The  deduction  from  the  above  fact  is  as  follows :  that,  as  the 
most  correct  observations  have  never  given  a  velocity  of  less  than 
nine  miles  a  second  to  a  shooting-star,  it  is  reasonable  to  suppose 
that  none  have  ever  entered  our  atmosphere,  or,  what  is  perhaps 
still  more  reasonable,  that  the  matter  of  which  they  are  composed 
is  as  subtile  as  that  of  Encke's  comet,  and  any  contact  with  even 
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the  uppermost  limit  of  the  atmosphere  destroys  their  velocity  and 
disperses  the  matter  of  which  they  are  composed.  Other  grouncb? 
might  he  mentioned  for  supposing  a  difference  between  shooting- 
stars  and  meteoric  stones,  and  I  have  dWelt  on  it  thus  much  be- 
cause it  is  conceived  of  prime  importance  in  pursuing  the  correct 
path  that  is  to  lead  to  the  discovery  (if  it  can  be  made)  of  their 
origin.  It  is  also  of  no  small  value  to  the  beautiful  and  probable 
theory  of  shooting-stars  that  we  should  separate  every  thing  from 
it  that  may  tend  to  affect  its  plausibility. 

Various  theories  have  been  devised  to  account  for  their  origin. 
One  is  that  they  are  small  planetary  bodies  revolving  around  the 
sun,  and  that  at  times  they  become  entangled  in  the  atmosphere, 
lose  their  orbital  velocity  by  the  resistance  of  the  atmosphere,  and 
are  finally  attracted  to  the  earth.  They  are  also  supposed  to  have 
been  ejected  from  the  volcanoes  of  the  moon ;  and  lastly,  they  are 
considered  as  formed  from  particles  floating  in  the  atmosphere. 
The  exact  nature  of  this  last  theory  is  understood  by  reading  the 
views  of  Prof.  C.  U.  Shepard,  as  expressed  in  an  interesting  report 
on  meteorites  published  in  1848.  The  author*  says:  **  The  extra- 
terrestrial origin  of  meteoric  stones  and  iron  masses  seems  likely  to 
be  more  and  more  called  in  question  with  the  advance  of  knowl- 
edge respecting  such  substances,  and  as  additions  continue  to  be 
made  to  the  connected  sciences.  Great  electrical  excitation  is 
known  to  accompany  volcanic  eruptions,  which  may  reasonably  be 
supposed  to  occasion  some  chemical  changes  in  the  volcanic  ashes 
ejected ;  these  being  wafted  by  the  ascensional  force  of  the  erup- 
tion into  the  regions  of  the  magneto-polar  influence,  may  there 
undergo  a  species  of  magnetic  analysis.  The  most  highly  magnetic 
elements  (iron,  nickel,  cobalt,  chromium,  etc.),  or  compounds  in 
which  these  predominate,  would  thereby  be  separated,  and  becorae 
suspended  in  the  form  of  metallic  dust,  forming  those  columnar 
clouds  so  often  illuminated  in  auroral  displays,  and  whose  position 
conforms  to  the  direction  of  the  dipping-needle.  While  certain  of 
the  diaraagnetic  elements,  or  combinations  of  them,  on  the  other 
hand,  may  under  the  control  of  the  same  force  be  collected  into 
different  mas.ses,  taking  up  a  position  at  right-angles  to  the  former 


*  I  must,  in  justice  to  Prof.  Shepard,  say  that  since  his  paper  was  written 
he  has  informed  me  that  he  no  longer  entertains  these  views;  and  I  woulJ 
now  omit  the  criticism  of  them  did  they  not  exist  in  his  memoir  uncontra- 
dicted, and  also  were  they  not  views  still  entertained  by  some. 
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(which  Faraday  has  shown  to  be  the  Bict  in  respect  to  such  bodies), 
and  thus  produce  those  more  or  less  regular  arches,  transverse  to 
the  magnetic  meridian,  that  are  often  recognized  in  the  phenomena 
of  the  aurora  borealis.  Any  great  disturbance  of  the  forces  main- 
taining these  clouds  of  meteor-dust,  like  that  produced  by  a  mag- 
netic storm,  might  lead  to  the  precipitation  of  portions  of  the 
matter  thus  suspended.  If  the  disturbance  was  confined  to  the 
magnetic  dust,  iron  masses  would  fall ;  if  to  the  dianiagnetic  dust, 
a  non-ferruginous  stone.  If  it  should  extend  to  both  classes  sim- 
ultaneously, a  blending  of  the  two  characters  would  ensue  in  the 
precipitate,  and  a  rain  of  ordinary  meteoric  stones  would  take 
place.  The  occasional  raining  of  meteorites  might  therefore  on 
such  a  theory  be  as  much  expected  as  the  ordinary  deposition  of 
moisture  from  the  atmosphere.  The  former  would  originate  in  a 
mechanical  elevation  of  volcanic  ashes  and  in  matter  swept  into  the 
air  by  tornadoes,  the  latter  from  simple  evaporation.  In  the  one 
case  the  matter  is  upheld  by  magneto-electric  force ;  in  the  other 
by  the  law  of  diffusion  which  regulates  the  blending  of  vajx)rs  and 
gases,  and  by  temperature.  A  precipitation  of  metallic  and  earthy 
matter  would  happen  on  any  reduction  of  the  magnetic  tension ; 
one  of  rain,  hail,  or  snow  on  a  fall  of  temperature.  The  materials 
of  both  originate  in  our  eartli.  In  the  one  instance  they  are  ele- 
vated but  to  a  short  distance  from  its  surface,  while  in  the  other 
they  appear  to  penetrate  beyond  its  farthest  limits,  and  possibly  to 
enter  the  interplanetary  system.  In  both  cases,  however,  they  are 
destined,  through  the  operation  of  invariable  laws,  to  return  to 
their  original  repository." 

This  theory,  coming  as  it  does  from  one  who  is  justly  entitled 
to  high  consideration  from  the  fact  of  the  special  attention  he 
has  given  to  the  subject  of  meteorites,  may  mislead;  and  for  that 
reason  objections  will  be  advanced  which  will  doubtless  entirely 
set  aside  this  notion  of  terrestrial  origin,  and  to  this  end  I  would 
consider  two  fundamental  principles  of  it.  First  of  all  it  must 
be  proved  that  terrestrial  volcanoes  contain  all  the  varieties  of 
matter  found  in  the  composition  of  the  meteoric  bodies.  There 
is  no  doubt  that  many  of  the  varieties  are  ejected  from  volcanoes, 
as  olivine,  etc.;  but  then  the  principal  one,  nickeliferous  iron,  has 
never  in  a  single  instance  been  found  in  the  lava  or  other  matter 
coming  from  volcanoes,  although  frequently  sought  for. 

But  the  physical  obstacles  are  a  still  more  insuperable  difficulty 
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in  the  way  of  adopting  this  theory.  In  the  first  place  it  is  con- 
sidered a  physical  impossibility  for  tornadoes  or  other  currents  of 
air  to  waft  matter,  however  impalpable,  **  beyond  the  farther?! 
limits  of  the  earth,  and  possibly  into  interplanetary  space."  Again, 
if  magnetic  and  diamagnetic  forces  cause  the  particles  to  coale-ee 
and  form  solid  masses,  by  the  cessation  of  those  forces  the  boc^ie? 
would  crumble  into  powder.  Another  strong  physical  objection 
to  the  theory  is,  that  as  the  consoli<lation  of  these  masses  is  ex- 
pected to  take  place  in  '*  magneto-polar"  regions,  their  fall  should 
only  be  in  those  portions  of  the  earth ;  for,  like  rain  and  hail  ( to 
which  the  consolidation  of  these  bodies  are  assimilated  in  thi;* 
theory),  they  should  fall  perpendicularly,  or  nearly  so,  from. their 
points  of  condensation.  And  lastly,  under  the  head  of  physical 
objections,  how  can  bodies  so  formed  be  precipitated  in  such  very 
oblique  directions  as  many  are  known  to  have,  and  that  too  from 
east  to  west,  and  not  from  the  north  ? 

We  pass  on  to  a  concise  statement  of  some  of  the  chemical 
objections  to  this  theory  of  atmospheric  origin,  and,  if  i)ossible, 
they  are  more  insuperable  than  the  last  mentioned.  Contemplate 
for  a  moment  the  first  meteorite  described  in  this  jmper.  Hert^ 
is  a  mass  of  iron  of  about  sixty  pounds,  of  a  most  solid  structure, 
highly  crystalline,  composed  of  nickel  and  iron  chemically  unite<l, 
containing  in  its  center  a  crystalline  phospliuret  of  iron  and  nickel, 
arid  on  its  exterior  surface  a  compound  of  sulphur  and  iron  also 
in  atomic  proportions,  and  then  see  if  the  mind  can  be  satisfieii 
in  supposing  that  the  dust  wafted  from  the  crater  of  a  volcano 
into  the  higlier  regions  of  the  atmosphere  could  in  a  few  m/omenU 
of  time  be  brought  together  by  any  known  forces  so  as  to  create 
the  body  in  question.  However  finely  divided  this  volcanic  dust 
might  be  it  can  never  be  subdivided  into  atoms,  a  state  of  things 
that  must  exist  to  form  Iwdies  in  atomic  proportions  where  no 
agency  is  present  to  dissolve  or  fuse  the  particles  concerned.  One 
other  objection  and  I  am  done  with  this  theory. 

The  particles  of  iron  and  nickel  8upi>o8ed  to  be  ejected  from 
the  volcano  must  pass  from  the  heated  mouth  of  a  crater,  ascend 
through  the  oxygen  of  the  atmosphere  without  undergoing  the 
slightest  oxidation;  for  if  there  be  any  one  thing  which  marks 
the  meteorites  more  strongly  than  any  other  it  is  the  freedom  i>f 
the  masses  of  iron  from  oxidation  except  on  the  surface  ;  but  a 
still  more  remarkable   abstinence  from   oxidation   would    be    the 
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ascent  of  the  particles  of  phosphorus  to  form  the  schreibersite 
traceable  in  so  many  meteorites.  Having  noticed  the  prominent 
objections  to  this  theory,  I  pass  on  to  consider,  in  as  few  words 
as  possible,  the  other  two  theories. 

A  very  commonly- adopted  theory  of  the  origin  of  meteoric 
bodies  is  that  they  are  small  planetary  bodies  revolving  around 
the  sun,  one  portion  of  their  orbits  approaching  or  crossing  that 
of  the  earth ;  and,  from  tiie  various  disturbing  causes  to  which 
these  small  bodies  must  necessarily  be  subjected,  their  orbits  are 
constantly  undergoing  more  or  less  variation  until  intersected  by 
our  atmosphere,  when  they  meet  with  the  most  serious  derange- 
ment and  fall  to  the  earth's  surface  in  whole  or  in  part.  This 
may  not  occur  in  their  first  passage  through  the  atmosphere,  but 
repeated  obstructions  in  this  medium  at  diiferent  times  must  ulti- 
mately bring  about  the  result.  In  this  theory  their  origin  is  sup- 
posed to  be  the  same  as  that  of  other  planetary  bodies,  and  they 
are  regarded  as  always  having  had  an  individual  cosmical  exist- 
ence. Now,  however  reasonable  the  admission  of  this  orbital 
motion  immediately  before  and  for  some  time  previous  to  their 
contact  with  the  earth,  the  assumption  of  their  original  cosmical 
origin  would  appear  to  have  no  support  in  the  many  characteristics 
of  meteoric  bodies  as  enumerated  some  pages  back.  The  form 
alone  of  these  bodies  is  any  thing  but  what  ought  to  be  expected 
from  a  gradual  condensation  and  consolidation.  All  the  chemical 
and  mineralogical  characters  are  opposed  to  this  supposition.  If 
the  advocates  of  this  theory  do  not  insist  on  the  last  feature  of 
it,  then  the  theory  amounts  to  but  little  else  than  a  statement 
that  meteoric  stones  fall  to  us  from  space  while  having  an  orbital 
motion.  In  order  to  entitle  this  planetary  theory  to  any  weight 
it  must  be  shown  how  bodies  formed  and  constructed  as  these  are 
could  be  other  than  fragments  of  some  very  much  larger  mass. 

As  to  the  existence  of  meteoric  stones  in  space,  traveling  in  a 
special  orbit  prior  to  their  fall,  there  can  be  but  little  doubt  when 
we  consider  their  direction  and  velocity,  their  composition  proving 
them  to  be  of  extra-terrestrial  origin.  This,  however,  only  con- 
ducts in  part  to  their  origin ;  and  those  who  will  examine  them 
chemically  will  feel  convinced  that  the  earth  is  not  the  first  great 
mass  that  meteoric  stones  have  been  in  contact  with,  and  this  con- 
viction is  strengthened  when  we  reflect  on  the  strong  marks  of 
community  of  origin  so  fully  dwelt  upon.     It  is  then  in  considera- 
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tion  of  what  was  the  connection  of  these  bodies  prior  to  their  hav- 
ing an  indei)endent  motion  of  their  own  that  this  memoir  will  be 
concluded. 

Lunar  Origin  of  Meteoric  Stones. 

It  only  remains  to  bring  forward  the  facts  already  developed  to 
prove  the  plausibility  of  this  origin  of  meteorites. 

It  is  a  theory  that  was  proposed  as  early  as  1660  by  an  Italian 
philosopher,  Terzago,  and  advanced  by  Olbers,  in  1795,  without 
any  knowledge  of  its  having  been  before  proposed.  It  was  sus- 
tained by  Laplace  with  all  his  mathematical  skill  from  the  time  of 
its  adoption  to  his  death.  It  was  also  advocated  on  chemical 
grounds  by  Berzelius,  whom  I  have  no  reason  to  believe  ever 
changed  his  views  in  this  matter;  and  to  these  we  have  to  add  the 
following  distinguished  mathematicians  and  philosophers,  Biot, 
Brandes,  Poisson,  Quetelet,  Arago,  and  Benzenberg,  who  have  at 
one  time  or  another  advocated  the  lunar  origin  of  meteorites. 

Some  of  the  above  astronomers  abandoned  the  theory,  among 
them  Olbers  and  Arago,;  but  they  did  not  do  so  from  any  supposed 
defect  in  it,  but  from  adopting  the  assumption  that  shooting-stars^ 
and  meteorites  were  the  same ;  and  on  studying  the  former,  and 
applying  the  phenomena  attendant  upon  them  to  meteorites,  the 
supposed  lunar  origin  was  no  longer  possible. 

On  referring  to  the  able  researches  of  Sears  C.  Walker  on  the 
periodical  meteors  of  August  and  November  (Trans.  Am.  Phil  Soc, 
Jan.,  1841),  that  astronomer  makes  the  following  remarks  about 
01bers*s  change  of  views :  "In  1836  Olbers,  the  original  proposer 
of  the  theory  of  1795,  being  firmly  convinced  of  the  correctness  of 
Brandes'.s  estimate  of  the  relative  velocity  of  meteors,  renounce? 
his  selenic  theoy^,  and  adopts  the  cosmical  theory  as  the  only  one 
which  is  adecjuate  to  explain  the  established  facts  before  the 
public." 

For  reasons  already  stated  it  appears  wrong  to  assume  the 
identity  of  meteorites  and  shooting-stars ;  so  that  whatever  diffi- 
culty the  phenomena  of  shooting-stars  may  have  interposed  in  con- 
ceiving this  or  that  to  have  been  the  origin  of  meteoric  stones,  it 
now  no  longer  exists ;  and  we  are  fully  authorized  in  forming  our 
conclusions  concerning  them  to  the  utter  disregard  of  the  phenom- 
ena of  shooting-stars.  Had  Olbers  viewed  the  matter  in  this  light 
he  would  doubtless  have  retained  his  original  convictions,  to  which 


Digitized  by 


Google 


MEMOIR  ON  METEORITES.  395 

no  material  objection  appears  to  have  occurred  to  him  for  forty 
years. 

It  is  not  my  object  to  enter  upon  all  the  points  of  plausibility  of 
this  assumed  origin,  or  to  meet  all  the  objections  ^vhich  have  been 
urged  to  it,  for  most  of  them  have  already  been  ably  treated  of. 
The  object  now  is  simply  to  urge  such  points  developed  in  this 
memoir  as  appear  to  give  strength  to  the  lunar  theory.  They  may 
be  summed  up  under  the  following  heads : 

1.  That  all  meteoric  masses  have  a  community  of  origin. 

2.  At  one  period  they  formed  parts  of  some  large  body. 

3.  They  have  all  been  subject  to  a  more  or  less  prolonged 
igneous  action,  corresponding  to  that  of  terrestrial' volcanoes^ 

4.  That  their  source  must  be  deficient  in  oxygen. 

5.  That  their  average  specific  gravity  is  about  that  of  the  moon. 
From  what  has  been  said  under  the  head  of  common  characters 

of  meteorites,  it  would  appear  &r  more  singular  that  these  bodies 
should  have  been  formed  separately  from  each  other  than  that  they 
should  have  at  one  time  or  another  constituted  parts  of  the  same 
body ;  and  from  the  character  of  their  formation  that  body  should 
have  been  of  great  dimensions.  Let  us  suppose  all  the  known 
meteorites  assembled  in  one  mass,  and  regarded  by  the  philoso- 
pher mindful  of  our  knowledge  of  chemical  and  physical  laws, 
Would  it  be  considered  more  rational  to  view  them  as  the  great 
representatives  of  some  one  body  that  had  been  broken  into  frag- 
ments, or  as  small  specks  of  some  vast  body  in  space  that  at  one 
period  or  another  has  cast  them  forth  ?  The  latter,  it  seems  to  me, 
is  the  only  opinion  that  can  be  entertained  in  reviewing  the  fects  of 
the  case. 

As  regards  the  igneous  character  of  the  minerals  composing 
meteorites,  nothing  remains  to  be  added  to  what  has  already  been 
said.  In  fact,  no  mineralogist  can  dispute  the  great  resemblance 
of  these  minerals  to  those  of  terrestrial  volcanoes,  they  having 
only  sufficient  difference  in  association  to  establish  that,  although 
igneous,  they  are  extra-terrestrial.  The  source  must  also  be  defi- 
cient in  oxygen,  either  in  a  gaseous  condition  or  combined  as  in 
water.  The  reasons  for  so  thinking  have  been  clearly  stated  as 
dependent  upou  the  existence  of  metcdlic  iron  in  meteorites;  a 
metal  so  oxidizable  that  in  its  terrestrial  associations  it  is  almost 
always  found  combined  with  oxygen,  and  never  in  its  metallic 
state. 
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What  then  is  that  body  which  is  to  claim  common  parentage 
of  these  celestial  messengers  that  visit  us  from  time  to  time?  Are 
we  to  look  at  them  as  fragments  of  some  shattered  planet,  whose 
great  representatives  are  the  numerous  asteroids  between  Mars 
and  Jupiter,  and  that  they  are  **  minute  outriders  of  the  asteroidij" 
(to  use  the  language  of  R.  P.  Greg,  jr.,  in  a  late  communication  to 
the  British  Assooiation)  which  have  been  ultimately  drawn  from 
their  path  by  the  attraction  of  the  earth?  For  more  reasons  than 
one  this  view  is  not  tenable.  Many  of  our  most  distinguished 
astronomers  do  not  regard  the  asteroids  as  fragments  of  a  shattered 
planet;  and  it  is  hard  to  believe  if  they  w^ere,  and  the  meteorites 
the  smaller  fragments,  that  these  latter  should  resemble  each  other 
so  closely  in  their  composition,  a  circumstance  that  would  not  he 
realized  if  our  earth  was  shattered  into  a  million  of  masses  large 
and  small. 

If  then  we  leave  the  asteroids  and  look  to  the  other  planets, 
we  find  nothing  in  their  constitution  or  the  circumstances  attending 
them  to  lead  to  any  rational  sujvjmsition  as  to  their  being  the  origi- 
nal habitation  of  the  class  of  bodies  in  question.  This  leaves  us 
then  but  the  moon  to  look  to  as  the  parent  of  meteorites;  and  the 
more  I  contemplate  that  body  the  stronger  does  the  conviction  grow 
that  to  it  all  these  bodies  originally  belonged. 

It  can  not  be  doubted  from  what  we  know  of  the  moon  that  it  is 
in  all  likelihood  constituted  of  such  matter  as  composes  meteoric 
stones;  and  that  its  appearances  indicate  volcanic  action,  which, 
when  compared  with  the  combined  volcanic  action  on  the  face  of 
the  globe,  is  like  contrasting  -^tna  with  an  ordinary  forge,  so  great 
is  the  diiference.  The  results  of  volcanic  throws  and  outbursts  of 
lava  are  seen  for  which  we  seek  in  vain  any  thing  but  a  faint  pict- 
ure on  the  surface  of  our  earth.  Again,  in  the  support  of  the 
present  view  it  is  clearly  established  that  there  is  neither  atmos- 
phere nor  water  on  the  surface  of  that  body,  and  consequently  no 
oxygen  in  those  conditions  which  would  preclude  the  existence  of 
metallic  iron. 

Another  ground  in  support  of  this  view  is  based  on  the  specific 
grav^ity  of  meteorites,  a  circumstance  that  has  not  been  insisted 
on ;  and  although  of  itself  possessing  no  great  value,  yet  in  con- 
junction with  the  other  facts  it  has  some  weight. 

In  vieiving  the  cosmical  bodies  of  our  system  with  relation  to 
their  densities,  they  are  divided  into  two  great  classes — planetary 
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and  cometary  bodies  (these  last  embracing  comets  proper  and  shoot- 
ing-stars)— the  former  being  of  dense  and  the  latter  of  very  atten- 
uated matter;  and  so  far  as  our  knowledge  extends  there  is  no 
reason  to  believe  that  the  density  of  any  comet  approaches  that  of 
any  of  the  planets.  This  fact  gives  some , grounds  for  connecting 
meteorites  with  the  planets.  Among  the  planets  there  is  also  a 
difference,  and  a  very  marked  one,  in  their  respective  densities ; 
Saturn  having  a  density  of  0.77  to  0.75,  water  being  1.0;  Jupiter, 
2.00-2.25;  Mars,  3.5-4.1;  Venus,  4.8-5.4;  Mercury  between  7 
and  36  ;  Uranus,  0.8-2.9;  that  of  the  Earth  being  5.67.*  If  then 
from  specific  gravity  we  are  to  connect  meteorites  to  the  planets, 
as  their  mean  density  is  usually  considered  about  3.0,t  they  must 
come  within  the  planetary  range  of  Mars,  Earth,  and  Venus.  In 
the  cases  of  the  first  and  last  we  can  trace  no  connection,  from  our 
ignorance  of  their  nature  and  of  the  causes  that  could  have  de- 
tached them. 

This  reduces  us  then  to  our  own  planet,  consisting  of  two  parts, 
the  planet  proper,  with  a  density  of  5.76,  and  the  moon,  with  a 
density  of  about  3.62. J  On  viewing  this,  we  are  at  once  struck 
with  the  relation  that  these  bear  to  the  density  of  meteorites,  a 
relation  that  even  the  planets  do  not  bear  to  each  other. 

As  before  remarked,  I  lay  no  great  weight  on  this  view  of  the 
density,  but  call  attention  to  it  as  agreeing  with  conclusions  arrived 
at  on  other  grounds. 

The  chemical  comjwsition  is  also  another  strong  ground  in 
favor  of  their  lunar  origin.  This  has  been  so  ably  insisted  on  by 
Berzelius  and  others  that  it  would  be  superfluous  to  attempt  to 
argue  the  matter  any  further  here ;  but  I  will  simply  make  a  com- 
ment on  the  disregard  that  astronomers  usually  have  for  this  argu- 
ment. In  the  memoir  on  the  periodic  meteors  by  Sears  C.  Walker, 
already  quoted  from,  it  is  stated,  "The  chemical  objection  is  not 

*  For  these  estimates  of  the  density  of  the  planets  the  author  is  indebted 
lo  Prof.  Peircc. 

t  Although  the  average  specific  gravity  of  the  metallic  and  stony  meteor- 
ites is  greater,  yet  the  latter  exceeding  the  former  in  quantity,  the  number 
8.0  is  doubtless  as  nearly  correct  as  can  be  ascertained. 

t  Although  the  densities  of  the  earth  and  moon  differ,  these  two  bodies 
may  consist  of  similar  materials,  for  the  numbers  given  represent  the  density 
of  bodies  as  wholes.  The  solid  crust  of  the  earth  for  a  mile  in  depth  can  not 
average  a  density  of  3.0. 
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very  weighty,  for  we  may  as  well  suppose  a  uniformity  of  constitu- 
ents in  cosmical  as  in  lunar  substances."  From  this  conclusion  it 
is  reasonable  to  dissent,  for  as  yet  we  are  acquainted  with  the  mate- 
rials of  but  two  bodies,  those  of  the  earth  and  those  of  meteorite?; 
and  their  very  dissimilarity  of  constitution  is  the  strongest  argu- 
ment of  their  belonging  to  different  spheres.  In  further  refutation 
of  this  idea  it  may  be  asked,  Is  it  to  he  expected  that  a  mass  of 
of  matter  detached  from  Jupiter  (a  planet  but  little  heavier  than 
water)  or  from  Saturn  (one  nearly  as  light  as  cork)  or  from  Encke's? 
comet  (thinner  than  air)  would  at  all  accord  with  each  other  or 
with  those  of  the  earth  ?  It  is  far  more  rational  to  suppose  that 
every  cosmical  body,  without  necessarily  possessing  elements  dif- 
ferent from  each  other,  yet  are  so  ccmstituted  that  they  may  be 
known  by  their  fragments.  With  this  view  of  the  matter  our 
specimens  of  meteorites  are  but  multiplied  samples  of  the  same 
body,  and  that  lx)dy,  with  the  light  we  now  have,  appears  to  have 
been  the  moon. 

This  theory  is  not  usually  opposed  on  the  ground  that  the  moon 
is  not  able  to  supply  such  bodies  as  the  meteoric  iron  and  stone. 
It  is  more  commonly  objected  to  from  the  difficulty  that  there  ap- 
pears to  be  in  the  way  of  this  body's  projecting  masses  of  matter 
beyond  the  central  i)oint  of  attraction  between  the  earth  and  the 
moon.  Suffice  it  to  say  that  Laplace,  with  all  his  mathematical 
acumen,  saw  no  difficulty  in  the  way  of  this  taking  place,  although 
we  know  that  he  gave  special  attention  to  it  at  three  different 
times  during  a  period  of  thirty  years,  and  died  without  discover- 
ing any  physical  difficulty  in  the  way.  Also  for  a  period  of  forty 
years  Gibers  was  of  the  same  opinion,  and  changed  his  views,  as 
already  stated,  for  reasons  of  a  different  character.  And  to  these 
two  we  add  Hutton,  Biot,  Poisson,  and  others  whose  names  have 
been  already  mentioned. 

Laplace's  view  of  the  matter  was  connected  with  present  vol- 
canic action  in  the  moon;  but  there  is  every  reason  to  l)elieve  that 
all  such  action  has  long  since  ceased  in  the  moon.  This,  however, 
does  not  invalidate  this  theory  in  the  least,  for  the  force  of  projec- 
tion and  modified  attraction  to  which  the  detached  masses  were 
subjected  only  gave  them  new  and  independent  orbits  around  the 
earth,  that  may  endure  for  a  great  length  of  time  before  coming 
in  contact  with  the  earth. 

The  various  astronomers  cited  concur  in  the  opinion  that  a  body 
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projected  from  the  moon  with  a  velocity  of  about  eight  thousand 
feet  per  second  would  go  beyond  the  mutual  point  of  attraction 
between  the  earth  and  moon,  and,  already  having  an  orbital  veloc- 
ity, may  become  a  satellite  of  the  earth  with  a  modified  orbit. 

The  important  question  then  for  consideration  is  the  force  requi- 
site to  produce  this  velocity.  The  force  exercised  in  terrestrial 
volcanoes  varies.  According  to  Dr.  Peters,  who  made  observations 
on  -^Etna,  the  velocity  of  some  of  the  stones  was  1,250  feet  a  sec- 
ond, and  observations  made  on  the  peak  of  Teneriffe  gave  3,000 
feet  a  second.  Assuming,  however,  the  former  velocity  to  he  the 
maximum  of  terrestrial  volcanic  effects,  the  velocity  with  which 
the  bodies  started  (stones  with  a  specific  gravity  of  about  3.00) 
must  have  exceeded  2,000  feet  a  second  to  i>ermit  of  an  observed 
velocity  of  1,250  feet  through  the  denser  portions  of  our  atmos- 
phere. 

Doubtless  the  projectile  force  of  lunar  volcanoes  far  exceeds 
that  of  the  terrestrial ;  and  this  we  infer  from  the  enormous  cra- 
ters of  elevation  to  be  seen  upon  its  surface,  and  their  great  eleva- 
tion above  the  general  surface  of  the  moon,  with  their  borders 
thousands  of  feet  above  their  center ;  all  of  which  point  to  the 
immense  internal  force  required  to  elevate  the  melted  lava  that 
must  at  one  time  have  poured  from  their  sides.  I  know  that  Prof. 
Dana,  in  a  learned  paper  on  the  subject  of  lunar  volcanoes,  argues 
that  the  great  breadth  of  the  craters  is  no  evidence  of  great  pro- 
jectile force,  the  pits  being  regarded  as  boiling  craters,  where  force 
for  lofty  projection  could  not  accumulate.  Although  his  hypothe- 
sis is  ingeniously  sustained,  still,  until  stronger  proof  is  urged,  we 
are  justified,  I  think,  in  assuming  the  contrary  to  be  true,  for  we 
must  not  measure  the  convulsive  throes  of  nature  at  all  periods  by 
what  our  limited  experience  has  enabled  us  to  witness. 

As  regards  the  existence  of  volcanic  action  in  the  moon  with- 
out air  or  water  I  have  nothing  at  present  to  do,  particularly  as 
those  who  have  studied  volcanic  action  concede  that  neither  of 
these  agents  is  absolutely  required  to  produce  it.  Moreover,  the 
surface  of  the  moon  is  the  strongest  evidence  we  have  in  favor  of 
its  occurring  under  those  circumstances. 

But  it  may  be  very  reasonably  asked,  Why  consider  the  moon 
the  source  of  these  fragmentary  masses  called  meteorites?  May 
not  smaller  bodies,  either  planets  or  satellites,  as  they  pass  by  the 
the  earth  and  through  our  atmosphere,  have  portions  detached  by 
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the  mechanical  and  chemical  action  to  which  they  are  subjected? 
To  this  I  will  assent  as  soon  as  the  existence  of  that  body  or  those 
bodies  is  proved.  Are  we  to  suppose  that  each  meteorite  felling 
to  the  earth  is  thrown  off  from  a  different  sphere  which  becomes 
entangled  in  the  atmosphere?  If  so,  how  great  the  wonder  that 
the  earth  has  never  intercepted  one  of  those  spheres,  and  that  all 
should  have  struck  the  stratum  of  air  surrounding  our  globe  (some 
fifty  miles  in  height),  and  escaped  the  body  of  the  globe,  8,000 
miles  in  diameter.  It  is  said  that  the  earth  has  never  intercepted 
one  of  thci^e  s})heres;  for  if  we  collect  together  all  the  knowu 
meteorites,  in  and  out  of  cabinets,  they  would  hardly  cover  the 
surface  of  a  good-sized  room,  and  no  one  of  them  could  be  looked 
upon  as  the  maternal  mass  upon  which  we  might  supjwse  the 
others  to  have  been  grafted.  And  this  would  appear  equally  true 
if  we  consider  the  known  meteorites  as  representing  not  more  than 
a  hundredth  part  of  those  which  have  fallen. 

If  it  be  conceived  that  the  same  body  has  given  rise  to  them, 
and  is  still  wending  its  path  through  space,  only  seeming  by  its 
repeated  shocks  with  our  atmosphere  to  acquire  new  vigor  for  a 
new  encounter  with  that  medium,  the  wonder  will  be  greater  that 
it  has  not  long  since  encountered  the  solid  part  of  the  glol^e ;  but 
still  more  strange  that  its  velocity  has  not  been  long  since  destroyed 
by  the  resistance  of  the  atmosphere,  through  which  it  must  have 
made  repeated  crossings  of  over  one  thousand  miles  in  extent. 

But  it  may  be  said  that  facts  are  stronger  than  arguments,  and 
that  bodies  of  great  dimensions  (even  over  one  mile  in  diameter) 
have  been  seen  traversing  the  atmosphere,  and  have  also  been  seeu 
to  project  fragments  and  pass  on.  Now  of  the  few  instances  of 
the  supposed  large  bodies  I  will  only  analyze  the  value  of  the  data 
upon  which  the  Wilton  and  Weston  meteorites  were  calculated; 
and  they  are  selected  because  the  details  connected  with  them  are 
more  acces.<ible.  The  calculations  concerning  the  latter  w^ere  made 
by  Dr.  Bowditch;  but  his  able  calculations  were  based  on  decep- 
tive data;  and  this  is  stated  without  hesitation,  knowing  the  diffi- 
culty admitted  by  all  of  making  correct  observation  as  to  size  of 
luminous  bodies  passing  rapidly  through  the  atmosphere.  Experi- 
ments that  would  be  considered  superfluous  have  been  instituted 
to  prove  the  perfect  fallacy  of  making  any  but  a  most  erroneous 
estimate  of  the  size  of  luminous  bodies  by  their  apparent  size, 
even  when  their  dUtanee  from  the  observer  and  the  true  size  of  the  objed 
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are  knovm.  How  much  more  fallacious  then  any  estimate  of  size 
made  where  the  observer  does  not  know  the  true  size  of  the  body, 
and  not  even  his  distance  very  accurately. 

In  my  experiments  three  solid  bodies  in  a  state  of  vigorous 
incandescence  were  used:  first,  charcoal  points  transmitting  elec- 
tricity ;  second,  lime  heated  by  the  oxyhydrogen  blow-pipe ;  third, 
steel  in  a  state  of  incandescence  in  a  stream  of  oxygen  gas.  They 
were  observed  on  a  clear  night  at  different  distances,  and  the  body 
of  light  (without  the  bordering  rays)  compared  with  the  disk  of 
the  moon,  then  nearly  full  and  45°  above  the  horizon.  Without 
going  into  details  of  the  experiment  the  results  are  tabulated : 


lActualdiam.,    Apparent    [    Apparent       Apparent 
as  seen  at     diameter  at   diameter  at    diameter  at 


10  in. 


Carbon  points  . . . 

Lime  light 

Incandescent  steel 


200  yds. 


M  mile. 


Inch. 


!    Diameter    I    Diameter 
moon's  disk,  moon's  disk, 


H  mile. 


Diameter 
moon's  disk. 

H 

2 
1 


If  then  the  apparent  diameter  of  a  luminous  meteor  at  a  given 
distance  is  to  be  accepted  as  a  guide  for  calculating  the  real  size  ot 
these  bodies  the 

Charcoal*  points  would  be  80  feet  in  diameter,  instead  of  ^  of  an  inch. 
Lime  "        60  "  "  "  ^ 

The  steel  globule        "        25  "  "  "  ^ 

It  is  not  in  place  to  enter  into  any  explanation  of  these  decep- 
tive appearances,  for  they  are  well-known  facts,  and  were  tried  in 
the  present  form  only  to  give  precision  to  the  criticism  on  the  sup- 
posed size  of  these  bodies.  Comments  on  them  are  also  unneces- 
sary, as  they  speak  for  themselves.  But  to  return  to  the  two 
meteorites  under  review. 

That  of  Wilton  was  estimated  by  Mr.  Edward  C.  Herrick 
(Amer.  Jour,  of  Science  and  Arts,  vol.  xxxvii,  p.  130)  to  be  about 
one  hundred  and  fifty  feet  in  diameter.  It  appeared  to  increase 
gradually  in  size  until  just  before  the  explosion,  when  it  was  at  its 

•Estimate  made  according  to  a  table  given  by  Prof.  Olmsted  (Amer. 
Journal  of  Science  and  Arts,  vol.  xxvi,  p.  156)  for  estimating  the  diameter 
of  meteors  on  comparison  with  the  moon. 
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largest  apparent  magnitude  of  one  fourth  the  moon's  disk ;  ex- 
ploded twenty-five  to  thirty  degrees  above  the  horizon  with  a  heavy 
report  that  was  heard  about  thirty  secjpnds  after  the  explosion  was 
seen.  One  or  more  of  the  observers  saw  luminous  fragments  de- 
scend toward  the  ground.  When  it  exploded  it  was  three  or  four 
miles  above  the  surface  of  the  earth ;  immediately  after  the  explo- 
sion it  was  no  longer  visible.  The  large  size  of  the  body  is  made 
out  of  the  fact  of  its  appearing  one  fourth  the  a])parent  disk  of  the 
moon  at  about  six  miles  distant.  After  the  experiments  just  re- 
corded and  easy  of  repetition,  the  uncertainty  of  such  a  conclusion 
must  be  evident ;  and  it  is  insisted  on  as  a  fact  easy  of  demonstra- 
tion that  a  body  in  a  state  of  incandescence  (as  the  ferruginous 
portions  of  a  stony  meteorite)  might  exhibit  the  apparent  diameter 
of  the  Wilton  meteorite  at  six  miles  distance,  and  not  be  more  than 
a  few  inches  or  a  foot  or  two  in  diameter,  according  to  the  intensity 
of  the  incandescence. 

Besides,  if  that  body  was  so  large,  where  did  it  go  to  after 
throwing  off  the  supposed  small  fragments  ?  The  fragments  were 
seen  to  fall,  but  the  great  ignited  mass  suddenly  disappeiired  at 
thirty  degrees  above  the  horizon,  four  miles  from  the  earth,  when 
it  could  not  have  had  less  than  six  or  seven  hundred  miles  of 
atmosphere  to  traverse  before  it  reached  the  limit  of  that  medium ; 
it  had  already  acquired  a  state  of  ignition  in  its  passage  through 
the  air  prior  to  the  explosion,  and  should  have  retained  its  lum- 
inous api>earance  consequent  thereupon,  at  least  while  remaining 
in  the  atmosphere ;  but  as  this  was  not  the  case,  and  a  sudden  dis- 
appearance of  the  entire  body  took  place  in  the  very  lowest  por- 
tions of  the  atmosphere,  and  descending  luminous  fragments  were 
seen,  the  natural  conclusion  appears  to  be  that  the  whole  meteorite 
was  contained  in  the  fragments  that  fell. 

As  to  the  Weston  meteorite,  it  is  stated  that  its  direction  was 
nearly  parallel  to  the  surface  of  the  earth  at  an  elevation  of  about 
eighteen  miles ;  was  one  mile  farther  when  it  exploded ;  the  length 
of  its  path  from  the  time  it  was  seen  until  it  exploded  was  at  least 
one  hundred  and  seven  miles;  duration  of  flight  estimated  at  about 
thirty  seconds,  and  its  relative  velocity  three  and  a  half  miles  a 
second  ;  it  exploded  ;  three  heavy  reports  were  heard ;  tJie  meteorite 
disappeared  at  the  time  of  ilw  explosion. 

As  to  the  value  of  the  data  upon  which  its  size  was  estimated, 
the  same  objection  is  urged  as  in  the  case  of  the  Wilton  meteorite, 
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and  it  is  hazarding  nothing  to  state  that  the  apparent  size  may 
have  been  due  to  an  incandescent  body  a  foot  or  two  in  diameter. 
Also  with  reference  to  its  disappearance  there  is  the  same  inexpli- 
cable mystery.  It  is  supposed  from  its  enormous  size  that  but 
minute  fragments  of  it  fell,  yet  it  disappeared  at  the  time  that  this 
took  place,  which,  it  is  supposed,  occurred  nineteen  miles  above  the 
earth — an  estimate  doubtless  too  great  when  we  consider  the  heavy 
reports.  Accepting  this  elevation,  what  do  we  have?  A  body  one 
mile  and  a  half  in  diameter  in  a  state  of  incandescence,  passing  in 
a  curve  almost  parallel  to  the  earth,  and  while  in  the  very  densest 
stratum  of  air  that  it  reaches,  with  a  vigorous  reaction  between  the 
atmosphere  and  its  surface  and  a  dense  body  of  air  in  front  of  it, 
is  totally  eclipsed  ;  while,  if  it  had  a  direction  only  tangential  to  the 
earth  instead  of  nearly  parallel,  it  would  at  the  height  of  nineteen 
miles  have  had  upward  of  five  hundred  miles  of  air  of  variable 
density  to  traverse,  which  at  the  relative  velocity  of  three  and  a 
half  miles  a  second  (that  must  have  been  constantly  diminishing 
by  the  resistance)  would  have  taken  about  one  hundred  and  forty- 
three  seconds.  It  seems  most  probable  that  if  this  body  was  such 
an  enormous  one,  it  should  have  been  seen  for  more  than  ten  min- 
utes after  the  explosion,  for  the  reasons  above  stated.  The  fact  of 
ib5  disappearance  at  the  time  of  the  explosion  is  strong  proof  that 
the  mass  itself  was  broken  to  fragments,  and  that  these  fragments 
fell  to  the  earth,  assuring  us  that  the  meteorite  was  not  the  huge 
body  represented,  but  simply  one  of  those  irregular  stony  frag- 
ments which,  by  explosion  from  heat  and  great  friction  against  the 
atmosphere,  become  shattered.  I  say  irregular,  because  we  have 
strong  evidence  of  this  irregularity  in  its  motion,  which  was  "scal- 
loping"—  a  motion  frequently  observed  in  meteorites,  and  doubt- 
less due  to  the  resistance  of  the  atmosphere  upon  the  irregular 
mass,  for  a  spherical  body  passing  through  a  resisting  medium  at  a 
great  velocity  would  not  show  this.  In  fact,  if  almost  any  of  the 
specimens  of  meteorites  in  our  cabinets  were  discharged  from  a 
cannon,  even  in  their  limited  flight  the  scalloping  motion  would  be 
seen. 

This  then  will  conclude  with  what  I  have  to  say  in  contradic- 
tion to  the  supposition  of  large  solid  cosmical  bodies  passing  through 
the  atmosphere  and  dropping  small  portions  of  their  mass.  The 
contradiction  is  seen  to  be  based,  first,  upon  the  fact  that  no  me- 
teorite is  known  of  any  great  size — none  larger  than  the  granite 
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balls  to  be  found  at  the  Dardanelles  alongside  of  the  pieces  of 
ordnance  from  which  they  are  discharged ;  secondly,  on  the  fallacy 
of  estimating  the  actual  size  of  these  bodies  from  their  apparent 
size ;  and  lastly,  from  its  being  opposed  to  all  the  laws  of  chance 
that  these  bodies  should  have  been  passing  through  our  atmosphere 
for  ages  and  none  have  yet  encountered  the  body  of  the  earth. 

To  sum  up  the  theory  of  the  lunar  origin  of  meteorites,  it  may 
be  stated  that  the  moon  is  the  only  large  body  in  space  of  which  we  have 
any  knowledge  possessing  the  requisite  conditions  demanded  by  the  phygi^ 
col  and  chemical  properties  of  meteorites;  and  that  they  have  been  thrown 
off  from  tliat  body  by  volcanic  action  (doubtless  long  since  extincf)^  and, 
encountering  no  gaaeous  medinm  of  resistance,  reached  such  a  distance  ca 
that  the  moon  exercised  no  longer  a  preponderating  aitraelion;  the  de- 
tached fragm^ent,  possessing  an  orbital  motion  and  an  orbital  vdocity, 
which  it  had  in  common  loiUi  all  parts  of  the  moon,  but  now  more  or  lest 
m>odified  by  the  projectile  force  and  new  condition  of  attraction  in  whid 
it  woA  placed  with  reference  to  the  earth,  acquired  an  independent  orhii 
more  or  less  elliptical.  This  orbit,  necessarily  subject  to  great  disturbing 
influences,  may  sooner  or  later  cross  our  atmosphere  and  be  intercepted  by 
the  body  of  the  globe. 

In  concluding  this  lengthy  examination  I  must  say  that  a  dis- 
cussion of  the  phenomena  accompanying  the  falling  of  meteorites 
has  been  avoided,  as  well  as  many  points  connected  with  their  his- 
tory. This  has  been  done  from  its  having  no  immediate  connection 
with  the  object  of  this  memoir,  which  is  intended  simply  to  present 
some  new  views  and  many  old  views  in  a  new  light,  so  as  to  awaken 
attention  to  the  study  of  this  most  interesting  class  of  bodies. 
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SiUiman's  Joumod,  xxviii,  1859,  pp.  409-411. 

Having  become  acquainted  with  a  remarkable  phenomenon 
accompanied  with  a  fall  of  stones  that  occurred  in  Harrison 
County,  Indiana,  I  immediately  made  inquiries  concerning  it, 
expecting  to  visit  the  neighborhood  on  an  early  occasion;  but  I 
was  fortunate  enough  to  learn  of  some  admirable  observations 
made  by  Mr.  E.  S.  Crosier,  and  in  fact  so  complete  were  his  ex- 
aminations that  I  clearly  saw  no  additional  information  could 
be  elicited  by  ray  resorting  to  the  spot.  Mr.  Crosier  obtained 
for  me  the  various  stones  that  had  been  found,  and  also  put 
himself  to  much  trouble  to  obtain  the  information  desired. 

The  stones  fell  on  Monday,  the  28th  of  March,  1859,  and  Mr. 
Crosier  visited  the  place  on  the  Saturday  following ;  in  the  mean 
time  the  following  stones  were  discovered: 

No.  1,  weighing    19  ounces,  discovered  by  Goldsmith. 
No.  2,  "  4i     "  "  Crawford. 

No.  8,  "        420  grains,  '•  Lamb. 

No.  4,         "        167       «  "  Mrs.  Kelly. 

The  following  are  the  facts  elicited  by  inquiry  on  the  spot. 
The  time  at  which  it  occurred  (four  o'clock  in  the  afternoon) 
rendered  the  phenomenon  of  ready  observation.  The  area  of  ob- 
servation was  about  four  miles  square,  and  wherever  persons  were 
about  in  that  area  the  stones  were  heard  hissing  in  the  air  and 
then  striking  on  the  ground  or  among  the  trees.  Hardly  a  single 
per8(m  in  the  immediate  vicinity  of  the  occurrence  saw  any  flash 
or  blaze,  as  was  noticed  by  all  who  heard  the  report  from  a  dis- 
tance. , 

Three  or  four  loud  reports,  like  the  bursting  of  bombshells, 
were  the  first  intimations  of  any  thing  unusual.      A  numl)er  of 
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smaller  reports  followed,  resembling  the  bursting  of  stones  in  a 
lime-kiln.  The  stones  were  seen  to  fall  after  the  first  four  loud 
explosions.  Those  who  happened  to  be  in  the-  woods  or  near  them 
heard  the  stones  distinctly  striking  amongst  the  trees.  In  some 
places  the  noise  of  the  falling  stones  in  the  woods  alarmed  the 
cattle  and  horses  in  the  vicinity  so  that  they  fled  in  terror.  A 
peculiar  hissing  noise  during  the  fall  of  the  stones  was  heard  for 
miles  around.  A  very  intelligent  lady  described  it  as  very  much 
like  the  sound  produced  by  pouring  water  upon  hot  stones.  The 
air  seemed  as  if  all  at  once  it  had  become  filled  with  thousands 
of  serpents. 

Mr.  Crawford  and  his  wife  were  standing  in  their  yard  at  the 
time,  and,  hearing  a  loud  hissing  sound  overhead,  on  looking  up 
a  stone  (No.  2)  was  seen  to  fall  just  before  them,  burying  itself 
four  inches  in  the  ground;  they  dug  it  up  immediately,  but  it 
did  not  possess  any  warmth  ;  it  had  a  sulphurous  smell.  Another 
which  they  did  not  find  fell  near  them,  when  they  thought  it 
prudent  to  retire  to  the  house. 

Two  sons  of  John  Lamb  were  in  the  barn-yard  attending  to 
the  horses  when  their  attention  was  called  to  a  loud  hissing  noise 
above,  and  immediately  a  stone  (No.  3)  fell  just  at  their  feet, 
penetrating  the  hard-tramped  earth  some  three  or  four  inches, 
and  they  state  that  it  was  warm  when  taken  from  the  ground. 
Another  fell  in  a  peach-tree  near  by,  but  the  ground  being  newly 
plowed  they  were  unable  to  find  it. 

The  largest  stone  (No.  1)  was  not  obtained  until  the  following 
day,  being  dug  up  beside  a  horse-track  on  the  streets  of  Bueua 
Vista,  Indiana,  it  having  penetrated  the  hard  gravel  to  the  depth 
of  four  or  five  inches.  It  had  a  strong  smell  of  sulphur.  The 
last  (No.  4)  was  dug  up  by  Mrs.  Kelly  the  following  day  in  her 
yard. 

These  four  aerolites,  owing  to  their  being  buried  deeply  in  the 
ground,  are  all  that  have  been  found  up  to  this  time.  None  have 
been  found  or  were  heard  of  to  fall  over  a  greater  area  than  four 
miles  square. 

These  are  all  the  details  that  I  have  been  able  to  gather  con- 
nected with  this  fall  of  meteoric  stones.  They  are  highly  interest- 
ing, and  probably  as. accurate  as  it  is  possible  to  obtain. 

Nos.  1,  2,  and  3  and  a  fragment  of  No.  4  were  placed  in  my 
hands  for  examination.     Nos.  1,  2,  and  4  are  cuboidal  in  shape; 
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No.  3  was  considerably  elongated.  They  are  all  covered  by  a 
very  black  vitrified  surface,  equally  intense  on  every  one  and  on 
every  part  of  each  one,  and  when  broken  show  the  usual  gray 
color  of  stony  meteorites  interspersed  with  bright  metallic  par- 
ticles. 

The  mean  specific  gravity  is  3.465;  when  broken  up  and  ex- 
amined under  a  glass  four  substances  are  distinguishable — metallic 
particles,  dark  glassy  mineral,  dark  dull  mineral,  white  mineral 
matter. 

Examined  as  a  whole,  the  following  elements  were  found  in  it: 
iron,  nickel,  cobalt,  copper,  phosphorus,  sulphur,  silicium,  calcium, 
aluminum,  magnesium,  manganese,  sodium,  potassium,  oxygen. 
By  the  action  of  the  magnet  it  was  separated  into 

Nickeliferous  iron 4.91 

Earthy  minerals 96.09 

100.00 
The  earthy  minerals  acted  on  by  warm  dilute  hydrochloric  acid, 
thrown  on  a  filter  and  thoroughly  washed,  then  treated  with  dilute 
caustic  potash,  to  dissolve  any  silica  of  the  decomposed  portion  that 
was  not  dissolved  by  the  acid,  gave 

Soluble  portion 62.49 

Insoluble  portion 37.51 

The  metallic  portion  separated  from  the  earthy  part  gave 

Iron 86.781 

Nickel 18.241 

Cobalt 842 

Copper 086 

Phosphorus 026 

Sulphur 022 

The  earthy  portion  freed  from  metal  gave 

Silica 47.06 

Oxide  of  iron 26.05 

Magnesia 27.61 

Alumina 2.36 

Lime 81 

Soda 42 

Potash 68 

Protoxide  of  manganese trace,  not  estimated. 

It  is  clear  from  the  analyses  made  out  that  these  meteoric  stones 
contain  the  constituents  frequently  found  in  similar  bodies,  namely, 
nickeliferous  iron,  phosphuret  of  iron  and  nickel,  sulphiiret  of  iron. 
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olivine,  pyroxene,  and  albite,  and  in  about  the  following  propor- 
tions : 

Nickeliferous  iron 4.989 

Schreibersite 009 

Magnetic  pyrites 001 

Olivine 61.000 

Pyroxene  and  albite S4.000 

I  have  no  intention  to  enter  into  any  speculations  in  relation  to 
these  meteoric  stones,  although  I  have  accumulated  some  additional 
matter  on  the  subject  since  my  memoir  on  meteorites  published  in 
the  American  Journal  of  Science  and  Arts,  vol.  xix,  pp.  152  and 
322,  intending  to  reserve  their  publication  for  a  future  occasion. 
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SiUiman's  Jmimal,  xxx,  1860,  p.  240. 

Nelson  County  (Ky.)  Meteorite. 

This  came  into  my  possession  in  the  month  of  July,  1860, 
being  obtained  from  a  plowed  field,  where  it  may  have  laid  for 
a  considerable  length  of  time. 

It  is  a  flattened  mass  of  tough  metal,  a  little  scaly  at  one  cor- 
ner, being  seventeen  inches  long,  fifteen  inches  broad,  and  seven 
inches  in  the  thickest  part,  shelving  off  like  the  back  of  a  turtle, 
and  weighs  one  hundred  and  sixty- one  pounds. 

It  is  free  from  any  large  proportion  of  thick  rust,  consequently 
showing  no  indication  of  chlorine.  Upon  analysis  the  following 
constituents  were  found  in  one  hundred  parts.  No.  1  in  the  table 
below: 

12  3 

Iron 98.10            90.12  91.12 

Nickel'. 6.11              8.72  7.82 

Cobalt 41                .32  .48 

Phosphorus 06                .10  .08 

Copper trace            trace  trace 

99.67  99.26  99.46 

Marshall  County  (Ky.)  Meteorite. 

A  piece  of  this  meteorite  was  sent  to  me  from  Marshall  County 
in  this  State.  I  have  not  yet  seen  the  entire  mass,  which  is  said 
to  weigh  fifteen  pounds,  and  to  be  scaly  in  structure.  It  has  the 
usual  characteristics  of  meteoric  iron,  as  seen  from  the  analysis 
No.  2. 

Madison  County  (N.  C.)  Meteorite. 

This  meteorite  was  presented  to  me  in  the  year  1854  by  Hon. 
T.  L.  Clingman,  of  North  Carolina.      It  came  from  Jewel  Hill,. 
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Madison  County,  of  that  State.  There  is  a  great  deal  of  thick 
rust  on  the  surface,  with  constant  deliquescence  from  chloride  of 
iron.  Its  form  and  surface  indicate  that  it  is  entire.  Its  dimen- 
sions are  7x6x3  inches,  with  a  number  of  indentations.  Its 
weight  is  eight  pounds  thirteen  ounces.  Its  composition  is  given 
in  the  analysis  No.  3. 
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{FELL  MAY  1,  1860.) 

SiUiman's  Journal,  xxxi,  1861,  pp.  87-98. 

These  meteorites  were  first  called  Concord  meteorites,  as  the 
one  first  described  was  found  near  the  village  New  Concord,  but  I 
have  thought  proper  to  call  them  the  Guernsey  County  MeteorUeSf 
since  we  are  commonly  in  the  habit  of  distinguishing  the  meteor- 
ites found  in  this  country  by  the  name  of  the  county  in  which  they 
fell  or  were  found.  All  but  one  of  the  great  numl)er  of  meteoric 
stones  that  fell  on  this  occasion  were  found  in  Guernsey  County, 
and  that  exceptional  specimen  fell  in  Muskingum,  on  the  edge  of 
Guernsey  County. 

This  fall  of  meteorites  was  the  most  remarkable  ever  observed 
in  this  country,  and  equal  to,  if  not  surpassing,  the  famous  fall  at 
TAigle,  in  France,  with  which  it  has  many  points  of  interest  in 
common  that  will  be  stated  in  the  course  of  this  paper. 

My  attention  was  first  directed  to  this  occurrence  by  a  short 
notice  of  it  in  a  newspaper,  as  being  an  earthquake  that  had 
occurred  in  Eastern  Ohio,  accompanied  with  a  shower  of  stones. 
Suspecting  the  true  nature  of  the  phenomenon,  I  immediately 
visited  the  spot  where  it  was  said  to  have  occurred,  and  collected 
the  statements  of  those  persons  who  had  witnessed  the  fall.  It 
was  ascertained  that  on  Tuesday,  May  1,  1860,  remarkable  phe- 
nomena transpired  in  the  heavens,  of  which  the  following  are 
accounts  given  by  different  observers,  men  of  intelligence  and 
observation. 

Mr.  McClenahan  states  that  at  Cambridge,  in  Guernsey  County, 
Ohio  (lat.  40°  4',  long.  81°  35'),  about  twenty  minutes  before  one 
o'clock  p.  M.,  three  or  four  distinct  explosions  were  heard,  like  the 
firing  of  heavy  cannon,  with  an  interval  of  a  second  or  two  between 
each  report.     This  was  followed  by  sounds  like  the  firing  of  mus- 
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ketry  in  quick  succession,  which  ended  with  a  rumbling  noise  like 
distant  thunder,  except  that  it  continued  with  about  the  same  de- 
gree of  intensity  till  it  ceased.  It  continued  two  or  three  ininutp>. 
and  seemed  to  come  from  the  southwest,  at  an  elevation  above  the 
horizon  of  thirty  to  forty  degrees,  terminating  in  the  .southeast  at 
about  the  same  elevation.  In  the  district  where  the  meteorite> 
fell  the  explosions  were  heard  immediately  overhead. 

The  first  reports  were  so  heavy  as  to  produce  a  tremuloa< 
motion,  like  heavy  thunder,  causing  the  glass  in  windows  to  rattle. 
The  sound  was  so  singular  that  it  caused  some  excitement  and 
alarm,  many  supposing  it  an  earthquake.  At  Barnes ville,  tweniv 
miles  east  of  Cambridge,  the  cry  of  fire  was  made,  as  the  rumbling 
sound  was  thought  to  be  the  roaring  of  fire. 

The  day  was  cool  and  the  sky  covered  at  the  time  with  light 
clouds.  No  thunder  or  lightning  had  been  noticed  that  day,  nor 
could  any  thing  unusual  be  seen  in  the  appearance  of  the  clouds. 
Immediately  on  liearing  the  report  this  observer  looked  in  the 
direction  it  came,  and  noticed  the  clouds  closely,  but  could  not  see 
any  thing  unusual. 

The  next  morning  it  was  reported  in  Cambridge  that  aerolites! 
had  fallen  on  a  farm  in  the  vicinity  of  New  Concord  (eight  mile?^ 
west,  a  little  south  of  Cambridge).  Inquiries  were  immediately 
instituted,  and  Messrs.  Noble  and  Hines  state  that  they  were  near 
the  house  of  a  Mr.  Amspoker  at  the  time  of  the  first  explosion, 
which  seemed  directly  over  their  heads.  They  looked  up  and  saw 
two  objects  apparently  come  through  the  clouds,  producing  a  twirl- 
ing in  the  vapor  of  the  cloud  at  the  point  where  they  came  through, 
then  descending  with  great  velocity  and  a  whizzing  sound  to  the 
earth;  one  striking  about  three  hundred  yards  to  the  southwest  of 
them,  and  the  other  about  one  hundred  yards  north. 

They  immediately  went  to  the  spot  where  the  first  fell,  and 
found  it  buried  two  feet  in  the  ground.  They  dug  it  out  and  found 
it  quite  warm  and  of  a  sulphurous  smell.  The  other  struck  a 
fence-corner,  and  breaking  the  ends  of  some  of  the  rails  penetra- 
ted into  the  earth  sixteen  or  eighteen  inches,  passing  through  a 
heap  of  dry  leaves.  The  first  weighed  fifty-two  pounds.  The 
other  was  broken  up,  but  must  have  weighed  about  forty  pounds. 
Another  of  forty-one  pounds  weight,  not  seen  to  fall,  was  dis- 
covered at  the  bottom  of  a  hole  two  feet  deep,  where  it  had  fallen 
on  stiff  turf,  and  was  seen  at  the  bottom  of  the  hole,  having  car- 
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ried  the  sod  before  it  It  must  have  come  from  the  southeast  at  an 
angle  of  sixty  degrees  with  the  horizon.  Many  were  discovered  to 
have  fallen  southeast  of  Cambridge,  but  of  smaller  dimensions  than 
those  already  referred  to.  At  the  time  of  the  occurrence  nearly  all 
were  at  dinner  or  in  and  about  their  houses.  The  stones  obtained 
were  mostly  found  near  houses,  where  they  were  seen  to  fall,  as  the 
sound  of  their  striking  the  ground  attracted  attention. 

Another  well-informed  observer,  Dr.  McConnell,  of  New  Con- 
cord (a  small  town  eight  miles  east  of  Cambridge),  furnishes  the 
following  particulars:  *' On  Tuesday,  the  first  of  May,  at  twenty- 
eight  minutes  past  twelve  o'clock,  the  people  of  that  vicinity  were 
almost  panic-stricken  by  a  strange  and  terrible  report  in  the 
heavens,  which  shook  the  houses  for  many  miles  distant.  The 
first  report  was  immediately  overhead,  and  after  an  interval  of  a 
few  seconds  was  followed  by  similar  reports  with  such  increasing 
rapidity  that  after  the  number  of  twenty-two  were  counted  they 
were  no  longer  distinct,  but  became  continuous,  and  died  away  like 
the  roaring  of  distant  thunder,  the  course  of  the  leports  being  from 
the  meridian  to  the  southeast.  In  one  instance  three  men  working 
in  a  field,  their  self-possession  being  measurably  restored  from  the 
shock  of  the  more  terrible  report  from  above,  had  their  attention 
attracted  by  a  buzzing  noise  overhead,  and  soon  observed  a  large 
body  descending  strike  the  earth  at  a  distance  of  about  one  hun- 
dred yards.  Repairing  thither  they  found  a  newly -made  hole  in 
the  ground,  from  which  they  extracted  an  irregular  quadrangular 
stone  weighing  fifty-one  pounds.  This  stone  had  buried  itself  two 
feet  beneath  the  surface,  and  when  obtained  was  quite  warm." 

To  this  we  add  the  following  statement :  *  *  We  the  undersigned 
do  hereby  certify  that  at  about  half  past  twelve  o'clock  on  Tuesday, 
May  1,  1860,  a  most  terrible  report  was  heard  immediately  over- 
head, filling  the  neighborhood  with  awe.  After  an  interval  of  a 
few  seconds  a  series  of  successive  reports,  the  most  wonderful  and 
unearthly  ever  before  heard  by  us,  took  place,  taking  a  direction 
from  meridian  to  southeast,  where  the  sounds  died  away  like  the 
roaring  of  distant  thunder,  jarring  the  houses  for  many  miles  dis- 
tant." Signed  by  A.  G.  Gault,  James  McDonald,  Nancy  Mills, 
Ichabod  Grumman,  Samuel  Harper,  Rev.  James  C.  Murch,  Mrs. 
M.  Speer,  Angie  McKinney. 

The  above  is  from  those  who  heard  the  noises,  but  did  not  see 
the'fall ;  the  following  are  a  few  statements  of  the  many  I  collected 
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from  those  who  witnessed  the  fall  of  the  stones.     I  extractTirom 
their  depositions  made  at  the  time: 

*'  I  heard  the  reports  and  roaring  as  above  described,  and  a  few 
seconds  afterward  I  saw  a  large  body  or  substance  descend  ami 
strike  tlie  earth  four  or  five  hundred  yards  from  where  I  then 
stood  ;  and  then  I,  in  company  with  Andrew  Lister,  repaired  to  the 
spot,  and  about  eighteen  inches  beneath  the  surface  found  a  stone 
weighing  fifty  pounds."     Signed  by  Samuel  Reblu. 

'* Heard  the  reports  and  roaring  as  above  described;  and  the 
said  Mrs.  Fillis  further  says  that  a  few  seconds  afterward  ^be 
heard  a  descending  buzzing  noise  as  of  a  body  falling  to  the  grouml. 
And  Miss  Cherry  also  says  that  she  was  standing  near  Mrs.  Filli.", 
heard  the  same,  and  saw  some  substance  descend  and  strike  the 
earth  some  hundred  yards  distant,  and  that  Mrs.  Fillis  repaired  to 
the  sppt  and  there  found  a  stone,  eighteen  inches  beneath  the  sur- 
face, weighing  twenty-three  pounds."  Signed  by  Agnes  Fillis  and 
Mary  J.  Cherry. 

**  I  distinctly  heard  the  roaring  and  sounds  as  above  de8cril>ed, 
and  a  few  seconds  after  the  above  report  I  saw  descending  from  the 
clouds  a  large  body  that  struck  the  earth  about  one  hundred  and 
fifty  yards  from  where  I  then  stood,  and  I  immediately  repaire<i  to 
the  spot,  and  about  two  feet  beneath  the  surface  found  a  stone 
weighing  forty-two  pounds.  A  second  or  two  aft;er  seeing  the  first 
stone  I  saw  another  descend  and  strike  the  earth  alx)ut*the  same 
distance  from  where  I  stood.  I  also  took  the  last-mentioned  ston*^ 
from  the  earth  about  two  feet  beneath  the  surfiice.  Both  the 
above  stones  when  taken  from  the  earth  were  quite  warm.  I  alsi' 
saw  a  third  stone  descend."     Signed  by  Samuel  M.  Noble. 

One  observer  saw  a  stone  fall  within  three  feet  of  his  hordes 
head.  One  of  the  most  southerly  stones  struck  a  barn,  while  some 
people  retired  within  doors  for  fear  of  being  struck. 

These,  with  many  others  of  a  similar  nature,  were  the  data 
obtained  near  the  region  of  the  fall  of  stones.  It  is  important  i<» 
remember  that  to  these  near  observers  no  luminosity  or  fire-ball 
was  visible. 

In  addition  to  the  above  facts  we  have  the  following  from 
observers  at  more  distant  points,  as  already  published  by  Pro- 
fessors Andrews  and  Evans.  From  the  data  they  have  collected 
they  consider  the  area  over  which  the  explosion  was  heard  .as  proh- 
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ably  not  less  than  one  hundred  and  fifty  miles  in  diameter.  **At 
Marietta,  Ohio,  the  sound  came  from  a  point  north  or  a  little  east 
of  north.  The  direction  of  the  sound  varied  with  the  locality. 
An  examination  of  all  the  different  directions  leads  to  the  conclu- 
sion that  the  central  point  from  which  the  sound  emanated  was 
near  the  southern  part  of  Noble  County,  Ohio;*'  its  course  being 
"over  the  eastern  end  of  Washington  County,  then  across  the 
interior  of  Noble  County,  then  over  the  southwestern  corner  of 
Guernsey  and  the  northeastern  corner  of  Muskingum,  with  a  direc- 
tion of  about  forty-two  degrees  west  of  north." 

Mr.  D.  Mackley,  of  Jackson  County,  states  that  he  was  at  Ber- 
lin, six  miles  east  of  Jackson,  Ohio,  when  he  saw  in  a  northeast 
direction  a  ball  of  fire  about  thirty  degrees  above  the  horizon.  It 
was  flying  in  a  northerly  direction  with  great  velocity.  It  appeared 
as  white  as  melted  iron,  and  left  a  bright  streak  of  fire  behind  it, 
which  soon  faded  into  a  white  vapor.  This  remained  more  than  a 
minute,  wlion  it  became  crooked  and  disappeared. 

Mr.  Wm.  C.  Welles,  of  Parker.^burg, Virginia  (latitude  39°  10', 
longitude  81°  24'),  about  sixty  miles  south  of  Cambridge,  saw  the 
meteorite  as  a  ball  of  fire  of  great  brilliancy  emerging  from  behind 
one  cloud  and  disappearing  behind  another.  Other  observers  at 
some  distance  to  the  south  of  the  point  where  the  fall  occurred  saw 
this  meteorite  as  a  luminous  body. 

Prof  Evans,  of  Marietta,  in  his  ohservations  states : 

"  The  succesriive  reports  beard  at  great  altitudes  in  the  district  where  the 
stones  fell,  and  apparently  connected  with  the  descent  of  the  separate  pieces 
through  the  clouds,  were  entirely  distinct  from  the  one  great  detonation  which 
was  heard  at  great  distances  from  that  district.  The  former  were  distinctly 
heard  only  over  an  area  of  a  few  miles.  The  latter  shook  the  buildings  from 
Wheeling, Virginia,  to  Athens  County,  Ohio.  It  is  ascertained  by  careful 
inquiries  to  have  been  beard  from  Columbiana  County  on  the  northeast  to 
within  eight  miles  of  Chillicothe  (m  the  southwest,  and  from  Knox  County 
on  the  northwest  to  the  borders  of  the  third  tier  of  counties  in  Virginia  on 
the  southeast — an  area  of  about  one  hundred  and  fifty  miles  in  diameter.  At 
all  places  within  this  area,  except  those  near  Cambridge  and  New  Concord, 
it  was  described  as  a  single  sound,  a  sudden  concussion  resembling  thunder 
or  the  discharge  of  a  heavy  piece  of  ordnance,  followed  by  a  roar  of  about 
two  seconds  in  continuance.  A  merchant  of  Marietta,  happening  to  be  at 
dinner,  suspected  it  was  the  explosion  of  a  powder-magazine  in  his  store 
about  a  quarter  of  a  mile  distant.  The  Parkersburg  News  says  *  the  house^^ 
shook  as  with  an  earthquake.'  In  the  counties  of  Washington,  Morgan, 
Noble,  Monroe,  and  Belmont,  and  in  places  along  the  Virginia  side  of  the 
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Ohio  River  from  Parkeraburg  to  Wheeling,  those  who  were  within  doors  very 
generally  attributed  it  to  an  earthquake.  The  windows  rattled,  and  local 
papers  state  that  the  door  of  an  engine-house  was  jarred  open  at  Bellair  near 
Wheeling.  The  lines  of  direction  of  the  sound  from  all  sides,  as  distinguished 
by  those  w^ho  happened  to  be  out  of  doors,  cross  each  other  in  the  southern 
(not  far  from  the  central)  part  of  Noble  County,  while  the  inhabitants  of 
that  region  thought  it  was  overhead.  Pr(»f.  Andrews,  giving  the  results  of 
personal  inquiries,  says:  'The  people  of  the  northern  part  of  Noble  County 
heard  it  in  a  southern  or  southeastern  direction,  and  not  in  a  no^thwe^tpm 
direction  toward  New  Concord.'  At  Zanesville,  about  twelve  miles  from 
New  Concord,  the  Courier  described  the  noise,  not  as  a  succession  of  sounds, 
but  as  an  '  explosion.'  These  facts  clearly  indicate  that  the  great  detonation 
heard  at  these  various  places  was  one  and  the  same  sound,  and  that  it  pn>- 
ceeded  from  a  point  over  the  interior  of  Noble  County.  The  most  probable 
location  is  five  or  six  miles  south  of  Sarahsville.  It  was  undoubtedly  th^* 
first  produced,  but  the  last  heard  of  the  successive  sounds  described  as  re- 
ceding to  the  southeast  by  witnesses  in  the  neighborhood  where  the  meteoric 
stones  fell,  and  it  was  compared  by  them  to  the  roar  of  thunder." 

The  time  of  the  day  aud  the  number  and  intelligence  of  the 
observers  unite  to  give  considerable  interest  and  value  to  these 
observations.  While  some  of  them  show  points  of  difference, 
natural  to  the  observation  of  sudden  and  startling  phenomena,  we 
can  yet  deduce  from  them  many  conclusions  with  more  or  lejs 
accuracy,  thus: 

The  Direction  of  the  Meteorite. 

My  own  observation  of  two  of  the  stones,  which  fell  half  a 
mile  apart,  enable  me  to  give  the  direction  of  the  meteor  with 
some  degree  of  exactness.  The  first  of  these  stones  struck  the 
ends  of  the  rails  of  a  Virginia  (zigzag)  fence  half  way  down,  just 
touching  the  middle  rail,  breaking  off  more  and  more  of  each 
rail  as  it  passed  to  the  ground.  Connecting  the  points  of  fract- 
ure by  a  line,  this  line  represents  a  descending  curve  from  south- 
east to  northwest. 

Again,  the  stone  that  fell  at  Law's  (the  most  northerly)  struck 
a  large  dead  tree  lying  on  the  side  of  a  hill,  sloping  northwest, 
passing  through  it  as  any  projectile  would ;  it  then  struck  a  small 
clump  of  elders,  breaking  them  off  at  the  root,  falling  finally  at 
the  foot  of  the  hill.  A  line  connecting  these  points  shows  the 
curve  already  stated.  Coupling  with  this  the  observations  of 
Mr.  Callahan  on  the  direction  that  one  of  these  stones  penetratd 
the  ground  with  the  observed  path  of  their  distribution,  no  doubt 
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can  remain  that  the  general  direction  of  their  fall  was  from  south- 
east to  northwest,  striking  the  ground  at  an  angle  of  about  sixty 
degrees. 

Altitude  of  the  Meteortte. 

This  is  a  point  that  can  be  determined  but  very  imperfectly, 
if  at  all.  It  may  have  been  when  first  seen  forty  miles  above 
the  earth,  but  when  the  explosion  was  heard  it  must  have  been 
nearer,  and  was  even  still  nearer  when  it  subdivided  and  was 
scattered  ("exploded,"  as  usually  termed)  over  Guernsey  and 
the  edge  of  Muskingum  counties.  It  is,  however,  but  proper  that 
I  should  give  Professor  Evans's  computation  from  the  data  he 
collected ;  they  were  published  in  the  July  number  of  the  Ameri- 
can Journal  of  Science  and  Arts,  but  their  reproduction  will  not 
be  out  of  place  here : 

"  Mr.  William  C.  Welles,  of  Parkersburg,  Virginia  (lat.  39° 
10',  long.  81°  24'),  a  gentleman  of  liberal  education,  testifies  that, 
being  about  three  miles  east  of  that  place  at  the  time  of  the 
occurrence,  he  happened  to  look  up  to  the  northeast  of  him  and 
saw  a  meteor  of  great  size  and  brilliancy  emerging  from  behind 
one  cloud  and  disappearing  behind  another.  When  about  35° 
east  of  north  he  thinks  its  altitude  was  65°.  Now  the  distance 
in  a  direction  35°  east  of  north  from  his  station  to  the  line 
directly  under  the  meteor's  path  is  twenty  miles.  Calculating 
from  these  data  I  find  for  the  vertical  height,,  taken  to  the  nearest 
unit,  forty-three  miles.  This  was  at  a  point  in  Washington  County 
near  the  border  of  Noble. 

"  Mr.  C.  Hackley  testifies  that  he  saw  the  meteor  from  Berlin, 
in  Jackson  County.  It  crossed  a  cloudless  space  in  the  northeast, 
and  he  thinks  its  altitude  at  the  highest  point  was  30°.  Now 
the  distance  from  Berlin  to  the  nearest  point  under  the  meteor's 
path  is  seventy  miles.  These  data  give  nearly  forty-one  miles  for 
its  vertical  height  over  Noble  County,  a  few  miles  to  the  south  of 
Sfirahsville  (lat.  39°  53',  long.  81°  40'). 

**Many  other  reliable  witnesses  have  been  found  who  saw  the 
meteor  through  openings  in  the  clouds  from  various  points  west 
of  its  path,  and  whose  testimony  so  far  agrees  with  the  foregoing 
as  to  give  results  ranging  between  thirty -seven  and  forty -four 
miles.  Care  has  been  taken  as  far  as  possible  to  verify  the  data 
in  each  case  by  personal  examination  of  the  witnesses.    The  angles 
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have  in  most  instancee  been  taken  as  pointed  out  by  them  firom 
their  respective  posts  of  observation .  It  is  unfortunate  that  no 
case  has  come  to  our  knowledge  in  which  the  meteor  was  seen 
from  the  region  east  of  its  path.  But  it  was  a  circumstance  in 
some  respects  favorable  to  the  definiteness  of  the  observations 
made  from  the  west  side  that  the  observers  in  nearly  all  cases 
saw  the  meteor  only  at  one  point,  or  within  a  very  small  space 
on  the  heavens.  It  is  impossible  to  reconcile  the  various  accounts 
without  granting  that  its  path  was  very  nearly  as  above  described^ 
and  that  its  height  did  not  vary  far  from  forty  miles  as  it  crossed 
Noble  County. 

**  In  regard  to  the  time  which  intervened  at  different  places  be- 
tween seeing  the  fire-ball  and  hearing  the  report,  the  statements 
are  so  vague  that  not  much  reliance  has  been  placed  upon  them. 
It  may  be  remarked,  however,  that  they  will  essentially  agree  with 
the  foregoing  conclusions,  if  we  suppose  that  the  loudest  explosion 
took  place  in  the  southern  part  of  Noble  County. 

*'  I  will  add  under  this  head  the  statement  of  Mr.  Joel  Richard- 
son, of  Warren,  Washington  County,  who  from  a  place  six  miles 
west  of  Marietta  saw  the  meteor  as  much  as  15^  or  20^  west  of 
north  at  an  altitude  of  about  45^.  The  direction  in  this  case  was 
so  oblique  to  the  meteor's  path  that  the  data  are  of  little  value  for 
simply  determining  the  height ;  but  they  are  important  on  account 
of  their  connection  with  the  place  of  the  meteor's  last  appearance. 
Mr.  Richardson  was  visited  by  the  writer,  and  his  testimony  was 
subjected  to  close  scrutiny.  If  we  take  the  azimuth  at  16^  west  of 
north,  we  shall  have  a  distance  of  forty-one  miles  to  the  line  under 
the  meteor's  path,  and  these  data  will  give  about  forty-one  miles 
for  its  vertical  height  over  a  point  not  more  than  a  mile  from  New 
Concord,  at  the  extreme  western  limit  of  the  district  along  which 
the  meteorites  were  scattered.  If  we  take  the  azimuth  at  20''  west 
of  north,  both  the  distance  and  the  height  will  be  greatly  aug- 
mented. I  have  found  two  persons  living  near  Bear  Creek,  nine 
miles  north  of  Marietta,  who  make  statements  closely  corroborat- 
ing that  of  Mr.  Richardson. 

**D.  Mackley,  Esq.,  a  lawyer  of  Jackson,  Ohio,  who  at  the 
time  of  the  occurrence  happened  to  be  at  Berlin,  about  six  miles 
northeast  from  the  former  place,  and  seventy  miles  from  the  nearest 
point  under  the  meteor's  path.  He  took  pains  to  note  all  the  facts 
as  accurately  as  he  could  at  that  time ;  and  he  afterward  returned 
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to  the  spot  in  order  to  determine  more  definitely  the  points  of  the 
compass.  His  testimony,  in  answer  to  my  interrogatories,  is  sub- 
stantially as  follows :  '  The  meteor  first  appeared  to  me  at  a  point 
about  55°  east  of  north.  It  moved  northward  in  a  line  very  nearly 
paraUel  with  the  horizon.  When  it  had  disappeared  it  had  de- 
scribed an  arc  of  about  15°.     It  was  in  sight  about  six  seconds. 
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Its  altitude  was  about  SO''.  In  regard  to  its  size  I  have  since 
looked  at  the  sun  through  a  thin  cloud,  and  I  think  the  apparent 
diameter  of  the  meteor  was  one  half  that  of  the  sun.' 

''These  data  give  the  meteor  a  height  of  forty-one  miles  over 
the  northern  boundary  of  Noble  County,  a  diameter  of  three 
eighths  of  a  mile,  and  a  relative  velocity  of  nearly  four  miles  a 
second.  The  results  agree  sufilciently  well  with  those  before 
given." 

The  accompanying  map  (fig.  1),  made  by  Prof.  Evans,  shows 
the  region  over  which  the  meteorite  was  observed  to  pass,  and  the 
conclusion  to  which  he  arrived  is  as  follows :  It  was  seen  over  the 
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eastern  part  of  Wafihington  County  (about  lat.  39°  27',  long.  81' 
80,  ftt  a  height  of  forty  miles  nearly.  It  was  last  seen  over  the 
northwestern  border  of  Noble  County  (about  lat.  39°  51',  long.  81^ 
340,  at  a  height  of  thirty-eight  miles  nearly.  Its  velocity  relative 
to  the  earth's  surface  was  three  to  four  miles  a  second. 

Tehperatube  of  the  Stonbb. 

Several  of  the  largest  stones  were  picked  up  ten  minutes  aft«r 
their  &11,  and  are  described  as  being  about  as  warm  as  a  stone 
that  had  lain  in  the  sun  in  the  summer.  One  fell  among  drr 
leaves  that  covered  it  after  it  had  penetrated  the  ground.  The 
leaves,  however,  showed  no  evidence  of  having  been  heated.  No 
appearance  of  ignition  was  discovered  in  places  or  objects  with 
which  the  stones  came  in  contact  at  the  time  of  their  fiill,  so  that 
their  temperature  must  have  fallen  far  short  of  redness,  while  it 
may  not  have  reached  that  of  200°. 

Size  and  Velocity. 

I  have  no  data  upon  which  to  calculate  either  of  these.  Pn)f. 
Evans,  howe^^er,  as  just  quoted,  calculates  from  the  data  above 
given  that  its  size  was  three  eighths  of  a  mile  and  velocity  four 
miles  a  second. 

While  I  may  furnish  no  more  reliable  computations  from  the 
data  obtained,  I  may  be  excused  a  short  criticism  upon  the  above 
results  to  prevent  too  hasty  conclusions  being  formed. 

As  regards  the  supposed  elevation  of  forty  miles  v^ien  the  Jim 
reports  were  heard,  I  would  simply  ask  the  question,  Is  it  possible, 
with  the  established  views  of  the  conduction  of  sound  by  rarefied 
air,  that  any  conceivable  noise  produced  by  a  meteorite  jforty  mile? 
distant  from  the  earth,  in  a  medium  quite  as  rare  if  not  rarer  than 
the  best  air-pump  can  produce,  would  reach  us  at  all,  or,  if  so,  in 
the  manner  described  by  observers.  This  question  is  a  more  im- 
portant one  to  consider,  as  some  qbservers  on  similar  data  have 
calculated  the  elevation  of  meteorites  where  they  were  first  heard 
to  explode  at  one  hundred  miles. 

As  regards  the  size  of  the  meteorite,  I  have  but  to  refer  the 
reader  to  my  experiments  made  in  1854,  and  published  in  1855, 
to  show  the  perfect  fallacy  of  calculating  the  size  of  luminous 
objects  by  their  apparent  disks,  and  I  shall  have  more  to  say  on 
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the  same  subject  in  a  future  paper.  It  is  important  to  note  that 
the  nearest  approach  of  the  meteor  to  the  earth  must  have  been 
in  the  northern  part  of  Noble  and  in  Guernsey  counties,  the  point 
from  which  its  most  wonderful  display  seemed  to  have  manifested 
itself;  yet  we  hear  nothing  of  its  future  career  by  reports  from 
observers  north  of  this,  while  its  approach  from  the  south  to  this 
point  was  noticed  by  a 
number  of  observers.  I  i  '  f^L,^^ •^;^^ — 77- 

I  need  hardly  state  that  '  ~" 

my  own  convictions  are 
that  the  meteorite  termi- 
nated its  career  in  Guern- 
sey County,  and  that  the 
group  of  stones  which  con- 
stituted it  were  scattered 
broadcast  over  that  coun- 
ty. Many  have  been  col- 
lected, and  many  lie  buried 
in  the  soil  to  molder  and 
mingle  their  elements  with 
those  of  the  earth. 

We  come  now  to  con- 
sider the  stones  that  fell 
and  were  coUected.  Their 
number  was  over  thirty, 
and  their  places  of  falling 
have  been  plotted  with 
some  care  in  the  accom- 
panying map  (fig.  2).) 

The  localities  of  twenty-four  have  been  fixed  with  precision, 
by  the  assistance  of  the  Hon.  C.  J.  Albright;  but  from  the  dimin- 
ished scale  of  the  map  it  is  impossible  to  place  a  number  by  each 
dot  intended  to  represent  the  locality  of  a  meteoric  stone.  No.  1 
on  the  map  is  the  spot  where  the  largest  stone  was  found,  weighing 
one  hundred  and  three  pounds ;  No.  2  is  the  next  largest,  weighing 
fifty-six  pounds;  and  No.  3  the  smallest,  weighing  eight  ounces. 
The  largest  were  at  the  northwest  extremity  and  the  smallest  at 
the  southeast.  The  space  over  which  they  were  scattered  was 
about  ten  miles  long  by  three  miles  broad.  The  following  is  a 
catalogue  of  twenty-four: 
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No.  1    Weight  103  lbs Fell  on  farm  of  Shenholt. 

2  "  66    '*  «'  Law. 

8   «'  52    •*  "  Amspoker. 

4   "  60    *  *•  Amspoker. 

6  "  41    "  "  Torrents, 

6   *'  36    *•  '*  Reas^oner. 

7    »  23i  "  "  Hodges. 

8   '•  26"  "  *•  Fillis. 

9   "  16    "  "  Adair. 

10   "  15    *•      "  Craig. 

11   >'  8J  "    "  Craig. 

12   "  4A  "    "  Waller. 

13   "  4'  *'    ••  Beresford. 

14   '•  83  '•    "  Craicr. 

15   '•  3  j  "    '*  Stevenr^- 

16   '*  33  "    -  Wall. 

17 "  3    "    *'  Walker. 

18   "  23  '•    "  Claysville. 

19   "  2    -    *•  Steven*. 

20 "  2    -    "  Wall. 

21  "  2    •'  '*  Savelv. 

22  ''  1    "  "  Carter. 

23  "  1    "  "  Heskeit. 

24 •♦  i  "  "  Heskett. 

Others  have  been  found,  but  I  have  no  correct  record  of  their 
exact  position. 

Some  fifteen  of  these  stones  have  come  under  my  observation. 
They  are  all  irregular  in  shape,  cuboidal,  wedge-shaped,  globular, 
and  every  conceivable  form  that  irregular  fragments  of  stone  may 
be  supposed  to  possess.  They  all  have  the  well-known  black  coat- 
ing, with  a  sharp  outline  between  the  coating  and  gray  mass  of  the 
stone,  and  there  is  quite  a  uniformity  in  the  character  of  the  coat- 
ing in  both  small  and  large  stones. 

When  broken  this  meteor  exhibits  a  gray  mass,  with  metallic 
particles  of  nickeliferous  iron,*  resembling  the  stones  I  examined 
that  fell  in  Harrison  County,  Indiana,  on  the  28th  of  March,  1859. 
The  latter,  however,  is  the  coarser-grained  of  the  two.  Professor 
Shepard,  who  is  familiar  with  the  meteoric  stones  preserved  in  the 
cabinets  of  this  country  and  in  Europe,  says:  '*In  its  internal 
aspect  it  approaches  the  stone  of  lekaterinoslaw,  Russia  (1825), 
though  it  is  somewhat  finer  and  more  compact.  In  crust  the  two 
are  identical.  It  is  also  similar  to  the  stone  Slobodka,  Russia 
(August  10,  1818),  and  compares  closely  with  those  of  Politi 
(Octobei:  13,  1819),  of  Naujemoy,  Maryland  (February  10,  1828), 

*  I  have  picked  out  pieces  of  iron  weighing  two  grains,  closely  cemented 
to  pyrites. 
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and  of  Kuleschowka,  Russia  (March  12,  1811);  but  the  crust  is 
less  smooth  on  the  Ohio  stone  than  on  that  of  the  latter.  In  fact, 
its  'character  is  that  of  a  large  portion  of  the  known  meteoric 
stones." 

The  general  thickness  of  the  crust  is  about  from  one  thirtieth 
to  one  fortieth  of  an  inch. 

The  cut  (fig.  3)  .is  a  representation  of  the  largest  stone  that  has 
been  found,  now  in  the  cabinet  of  Marietta  College,  and  described 
by  Prof.  E.  B.  Andrews.  We  reproduce  the  figure  from  Prof. 
Andrews's  article  here  cited. 


Fig.  3. 

Several  specimens  have  been  examined.  They  all  show  the 
presence  of  the  same  minerals,  with  a  slight  variation  in  their  pro- 
portions, as  might  be  expected  in  a  mass  not  homogeneous.  Its 
composition  Is  fairly  represented  as  follows:  Specific  gravity 
3.550,  varying  slightly  in  different  specimens.  In  one  hundred 
parts  there  are 

\        Nickeliferous  iron   10.7 

Earthy  minerals 89.3 

The  nickeliferous  particles  separated  by  a  magnet  from  the 
crushed  stone,  and  well  washed,  presented  the  following  constit- 
uents in  one  hundred  parts : 
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Iron    87.011 

Nickel   12,360 

Cobalt 421 

Copper,  minute  quantity,  not  estimated. 

Phosphorus 012 

Sulphur  1.080 

The  sulphur  comes  from  magnetic  pyrites  that  the  meteorite 
contains,  and  that  it  is  not  easy  to  separate  mechanically  from  the 
small  particles  of  nickeliferous  iron. 

The  earthy  part,  when  freed  as  thoroughly  as  possible  from 
nickeliferous  iron  (which  can  be  done  pretty  effectually  bj  the 
magnet),  was  treated  with  warm  dilute  muriatic  acid,  thrown  on  a 
filter  first  washed  thoroughly  with  water,  then  with  a  solution  of 
potash  to  dissolve  the  last  portion  of  the  silica  of  the  decomposed 
portion  of  the  mineral.     The  result  was,  in  one  hundred  parts, 

Soluhle  portion 63.7 

Insoluble  36.3 

The  earthy  material  analyzed  as  a  whole  was  found  to  contain 

Silica 47.30 

Oxide  of  iron   28.03 

Alumina 31 

Magnesia 24.53 

Lime 02 

Soda \  .  f.. 

Potash 1^-^^ 

Manganese   trace 

From  these  results  it  is  very  clear  that  the  mineralogical  con- 
stitution of  these  meteoric  stones  is  about  as  follows  in  one  hundred 

parts : 

Nickeliferous  iron 10.690 

Schreibersite 005 

Magnetic  pyrites 006 

Olivine 66.884 

Pyroxene 32.416 

This  sums  up  the  history  of  this  meteoric  shower,  with  as  full 
an  account  as  possible  of  the  stones  that  fell  at  that  time.  In  the 
first  part  of  this  paper  it  was  stated  that  this  fall  was  quite  as 
remarkable  as  that  near  TAigle,  in  France,  in  1803.  Although 
it  does  not  equal  this  latter  in  the  number  of  stones  that  were  col- 
lected, it  exceeds  it  in  the  size  of  the  stones  that  fell.  The  largest 
of  tne  TAigle  stones  weighed  seventeen  and  a  half  pounds,  while 
the  largest  in  the  present  case  was  one  hundred  and  three  pounds. 

There  are  many  points  of  coincidence  in  the  phenomena  and 
circumstances  attending   the   two  falls.     Were  I  to  copy  Blot's 
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description  of  the  phenomena  of  the  fall  at  FAigle,  as  detailed  to 
the  Academy  of  Sciences  nearly  sixty  years  ago,  it  would  be  but  a 
repetition  of  what  has  been  written  in  the  first  part  of  this  paper. 
The  date  of  fall  at  I'Aigle  was  the  26th  of  April ;  the  date  of 
the  Guernsey  fall  May  1st.  Time  of  the  day  of  the  former,  one 
o'clock ;  of  the  latter,  twenty  minutes  of  one ;  the  direction  of 
both  falls,  from  southeast  to  northwest.  The  extent  of  surface  cov- 
ered by  the  first,  seven  and  a  half  miles  long  by  two  and  a  half 
broad ;  by  the  latter,  ten  miles  long  by  three  wide ;  and  both  were 
seen  by  a  large  number  of  persons. 
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miman's  Journal,  xxxi,  1861,  pp.  264-266. 

1.  Lincoln  County  Meteorite.     (Fell  August  5,  1855.) 

This  meteorite  was  examined  several  years  ago,  having  been 
sent  to  me  for  that  purpose  by  Professor  J.  M.  Safford,  State 
Geologist  of  Tennessee.  The  result  of  my  examination  was  em- 
bodied in  Professor  Safford*s  report  of  the  geology  of  Tennessee 
for  1855,  but  has  never  received  a  special  notice  in  any  scientific 
journal ;  and,  as  it  is  not  too  late  to  make  up  that  deficiency,  the 
following  is  sent  for  publication,  embracing  Professor  SafiR>rd's 
account  of  its  fall,  with  the  chemical  examination.  The  followuig 
particulars  in  regard  to  its  fall  were  furnished  by  Rev.  T.  C.  Blake, 
of  Cumberland  University : 

"  It  fell  two  miles  west  of  Petersburg,  and  fifteen  northwest  of 
Fayetteville,  in  Lincohi  County,  about  half  past  three  o'clock 
P.M.,  August  5,  1855,  during  or  just  before  a  severe  rain-storm. 
Its  fall  was  preceded  by  a  loud  report  resembling  that  of  a 
large  cannon,  followed  by  four  or  five  lesser  reports.  These  were 
heard  by  many  persons  in  the  surrounding  country.  Immedi- 
ately after  this  mass  or  fragment  was  seen  by  James  B.  Dooley, 
Esq.,  to  fall  to  the  ground.  It  approached  him  from  the  east, 
appeared  while  falling  to  be  surrounded  by  a  'milky'  halo  two 
feet  in  diameter,  and  fell  one  hundred  and  fifty  or  two  hundred 
yards  from  him,  burying  itself  about  eighteen  inches  in  the  soil. 
When  first  dug  out  it  was  too  hot  to  be  handled. 

"This  specimen  has  an  edge  broken  off*,  revealing  the  char- 
acter of  the  interior.  Within  it  is  of  an  ashen-gray  color,  varied 
by  patches  of  white,  yellowish,  and  dark  minerals.  With  the 
exception  of  the  broken  edge  it  is  covered,  and  when  first  obtained 
was  entirely  covered,  as  most  meteorites  of  this  kind  are,  with  a 
very  *  black,  shining  crust,  as  if  it  had  been  coated  with  pitch.' 

**  One  end  or  face,  which  may  be  regarded  as  the  base,  has  an 
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irregular  rhomboidal  outline,  averaging  two  and  three  fourths  by 
two  and  a  half  inches.  Placing  the  stone  upon  this  end,  the  body 
of  it  presents  the  form  of  an  irregular,  slightly  oblique,  rhom- 
boidal prism.  The  upper  end,  however,  is  not  well-defined,  but 
runs  up  to  one  side  in  a  flattened  protuberance,  giving  the  entire 
specimen  a  form  approaching  roughly  an  oblique  pyramid.  The 
length  from  the  base  to  the  apex  is  four  and  a  half  inches.  Three 
adjacent  sides  are  rough,  being  covered  with  cavities  and  pits. 
The  other  sides  are  smoother  and  rounded. 

**The  specimen  acts  upon  the  needle;  fragments  of  it  readily 
yield  particles  of  nickeliferous  iron  by  trituration  in  a  mortar. 
The  specific  gravity  of  the  entire  specimen  is  3.20.  Its  weight  in 
its  present  condition  is  three  pounds  fourteen  and  a  half  ounces. 

**The  minerals  found  in  the  meteorite  are:  pyroxine,  prin- 
cipal portion  of  the  mass;  olivine  and  orthoclase,  disseminated 
through  the  mass ;  nickeliferous  iron,  forming  about  one  half  per 
cent  of  the  mass.  In  addition  to  these  there  are  specks  of  a 
black,  shining  mineral  not  yet  examined." 

The  general  analysis  is  as  follows: 

Silica 49.21 

Alumina 11.06 

Protoxide  of  iron 20.41 

Lime 9.01 

Magnesia 8.18 

Manganese 04 

Iron 60 

Nickel,  minute  quantity. 
Phosphorus,  minute  quantity. 

Sulphur 06 

Soda 82 

99.28 
The  minute  quantity  of  nickel  that  was  separated  did  not  per- 
mit of  my  examining  for  cobalt,  but  there  is  no  doubt  that  this 
metal  was  present. 

2.  Oldham  County  Meteorite. 

The  announcement  of  the  discovery  of  this  iron  meteorite, 
with  the  one  that  follows,  was  made  in  a  note  in  the  American 
Journal  of  Science  and  Arts.  It  was  discovered  in  the  month  of 
October,  1860,  by  Mr.  William  Daring,  near  Lagrange,  in  Old- 
ham County,  Ky.  There  is  nothing  known  with  reference  to  the 
time  of  its  fall.  It  came  into  my  possession  shortly  after  its 
discovery. 
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It  was  entire  and  weighed  (me  hundred  and  iwdve  pounds.  Ita 
extreme  dimensions  were:  length,  twenty  inches;  breadth,  ten  and 
three  fourths  inches;  and  thickness,  six  and  a  half  inches.  Its 
shape  was  elongated  and  flattened.  Its  specific  weight  is  7.89,  and 
an  analysis  furnished 

Iron    91.21 

Nickel    7.81 

Cobalt 25 

Copper,  minute  quantity,  not  estimated. 

Pliosphorus 05 

99.32 

3.  Robertson  County  Meteorite. 

This  mass  of  meteoric  iron  came  into  my  possession  during  the 
month  of  December,  1860,  being  sent  by  Prof.  Lindsley,  of  Nash- 
ville, Tennessee.  It  was  discovered  by  Mr.  D.  Crockett,  near 
Coopertown,  in  Robertson  County,  Tennessee.  The  time  of  its  fell 
is  hot  known. 

Its  weight  was  thirty-seven  pounds.  Its  form  was  wedge-shaped ; 
and  its  extreme  dimensions  were:  length,  ten  inches ;  breadth, nine 
and  a  half  inches;  and  thickness,  five  and  a  half  inches.  Its  spe- 
cific gravity  is  7.85.  On  cutting  through  the  mass  a  nodule  of 
sulphuret  of  iron  was  discovered  about  one  fourth  of  an  inch  in 
diameter,  and  there  are  doubtless  others  in  its  interior.  The  iron 
on  analysis  furnished 

Iron    89.69 

Nickel    •      9.12 

Cobalt 35 

Copper,  minute  quantity,  not  estimated. 

Phosphorus .04 

99.10 
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BISHOPVILLE  METEORIC  STONE: 

CHLADNITE  PROVED  TO  BE  A  MAGNESIAN  PYROXENE. 


Amer.  Jour.  Science,  xxxviii,  1864,  pp.  225-226. 

In  1846  Professor  C.  U.  Shepard  published  an  account  of  an 
exceedingly  interesting  meteoric  stone  that  fell  at  Bishopville, 
8.  C,  in  1843,  differing  in  its  external  character  from  other  me- 
teoric stones;  the  iractured  mass  being  exceedingly  white,  except 
where  metallic  iron  and  other  associate  minerals  occur.  I  would 
refer  the  reader  to  Prof  Shepard's  description  of  it  in  the  American 
Journal  of  Science  and  Arts,  September,  1846,  page  381. 

The  composition  of  the  snow-white  mineral  (constituting  about 
ninety  per  cent  of  the  entire  mass)  as  given  by  Prof.  Shepard,  is 

OxygeD.  Oxy.  ratio. 

Silica 70.41  86.206  3 

Magnesia   28.25  11.800  1 

Soda 1.89  .838 

From  the  results  of  this  analysis  he  considered  it  a  tersUicate  of 
magnesia,  constituting  a  new  species,  to  which  he  gave  the  name  of 
chladnite. 

Several  years  after  this  examination  a  fragment  of  thi^  meteoric 
stone  came  into  my  possession,  and  separating  a  small  portion  of 
the  mineral  in  question  it  was  examined.  The  result  of  this  incom- 
plete examination  justified  the  statement  in  a  note  to  a  memoir  of 
mine  on  meteorites,  presented  to  the  American  Scientific  Association 
in  April,  1854,  and  published  in  the  American  Journal  of  Science 
and  Arts  for  March,  1855,  page  162,  "that  from  some  investiga- 
tions just  made  chladnite  is  likely  to  prove  a  pyroxene." 

Since  that  announcement  I  have  been  placed  in  possession  of 
other  fragments  of  the  meteorite,  and  have  been  able  to  separate 
the  **  chladnite"  perfectly  pure,  and  in  sufficient  quantity  to  submit 
it  to  a  thorough  analysis. 
..To  render  the  chladnite  soluble  in  acid  it  was  fused  with  four 
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times  its  weight  of  carbonate  of  soda  and  potash,  with  a  small  frag- 
ment of  caustic  potash  placed  on  the  top  of  the  mixed  powders  in 
the  crucible.*  After  fusion  the  analysis  was  proceeded  with  in 
the  ordinary  way.     The  results  of  two  analyses  were  as  follows : 

1  s 

Silica 60.12  69.83 

Magnesia 89.45  39.22 

Pyroxide  of  iron 80  .50 

Soda,  with  feeble  potash  and  strong  lithia  reaction,        .74  .74 

100.61       100.29 

The  minute  quantity  of  peroxide  of  iron  came  from  exceedingly 

fine  particles  of  iron  difiiised  through  the  minerals,  and  could  be 

seen  by  a  magnifying-glass.     One  separate  analysis  was  made  for 

the  soda.     The  constitution  of  the  mineral,  as  made  out  from  the 

numbers  in  analysis  1,  is 

Oxygen.  Oxy.  ratio. 

Silica    81.22  2 

Magnesia 16.61  ^  . 


Soda 19 


} 


corresponding  to  the  formula  ]9[g3  gi"*,  equivalent  to  the*  general 
formula  of  pyroxene  &3  Si*. 

The  excess  of  silica  obtained  by  Professor  Shepard  in  bis  analy- 
sis is  doubtless  due  to  an  imperfect  fusion  of  the  mineral  with  the 
carbonate  of  soda,  an  error  easily  made  if  the  precautions  I  have 
already  mentioned  are  not  attended  to. 

Chladnite  approaches  those  forms  of  pyroxene  known  as  white 
augite,  diopside,  white  coccolite,  etc.;  these  last-named  minerals 
having  a  part  of  the  magnesia  replaced  by  lime.  It  is  identical  in 
composition  with  enstatite  of  Kenngott,  a  pyroxenic  mineral  from 
Aloysthal  in  Moravia. 

From  these  observations  it  will  be  seen  that  the  Bishopville 
meteoric  stone,  however  different  in  external  characteristics  from 
other  smaller  bodies,  is  after  all  identical  with  the  great  family  of 
pyroxenic  meteoric  stones. 

*  I  would  remark  that  I  seldom  or  ever  fuse  a  silicate  with  the  alkaline 
carbonates  without  the  addition  of  a  small  piece  of  caustic  potash  or  soda, 
and  never  analyze  a  known  or  supposed  pyroxene  or  hornblende  without  this 
precaution.  I  have  no  doubt  that  there  are  many  minerals  classifiod  with 
hornblende  which  properly  belong  to  pyroxene,  the  silica  in  the  analyses  being 
rated  too  high,  an  error  arising  from  an  imperfect  fusion. 
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ANEW  METEORITE  FROM  WAYNE  COUNTY,  0. 

REMARKS  ON  METEORITE  PROM  ATAOAMA,  CHILI. 


Amer.  Joum.  Science^  xxxviii,  1864,  pp.  385-387. 

Meteorio  Iron  op  Wayne  County,  Omo. 

The  existence  of  a  mass  of  meteoric  iron  from  Wayne  County, 
Ohio,  has  been  known  to  me  for  some  years ;  but  I  have  delayed 
noticing  its  existence,  hoping  to  obtain  the  mass,  and  thus  give  a 
more  complete  description  of  it  than  I  am  able  to  do. 

My  attention  was  first  called  to  it  by  Prof.  James  C.  Booth,  of 
the  United  States  Mint  at  Philadelphia,  it  having  been  brought  to 
him  by  Peter  Williams,  of  Wooster,  Wayne  County,  Ohio,  who  sup- 
posed it  to  be  a  mass  of  silver  or  some  other  precious  metal.  Prof. 
Booth  saw  at  once  that  it  was  meteoric  iron,  and  tried  to  procure  it 
from  Mr.  Williams;  but  from  some  notion  of  its  possessing  consid- 
erable intrinsic  value  he  retained  it,  and  since  that  time  both  the 
iron  and  Mr.  Williams  have  been  lost  sight  of. 

Prof.  Booth  detached  a  small  portion  of  it,  part  of  which  spec- 
imen he  placed  at  my  disposal,  with  the  following  memorandum : 
*'  Meteoric  iron,  given  me  in  1858  by  Peter  Williams,  of  Wooster, 
Wayne  County,  Ohio.  It  was  a  rounded  mass,  weighing  about 
fifty  pounds,  and  found  by  him  in  a  woods  near  the  above  place 
while  gathering  bowlders  to  pave  a  town.  It  exhibits  the  usual 
figures  on  application  of  acid  to  a  smooth  surface.'' 

As  it  is  a  well-authenticated  meteorite,  it  is  proper  to  make  a 

record  of  it.     Its  specific  gravity  is  7.901,  and  it  is  composed  of 

Iron 98.61 

Nickel   6.01 

Cobalt 78 

Copper,  very  minute,  not  estimated. 

Phosphorus 18 

100.48 
There  was  a  very  small  quantity  of  manganese,  that  has  been 
estimated  along  with  the  nickel. 
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432  the  new  atacama  meteorite. 

The  New  Atacama  Meteorite. 

A  fragment  of  the  meteorite  lately  described  by  Prof.  Joy 
(Amer.  Jour,  of  Science  and  Arts,  March,  1864,  p.  243)  has  been 
sent  to  me  by  Prof.  C.  F.  Chandler,  and  I  have  thus  been  afforded 
an  opportunity  of  carefully  examining  it.  I  had  at  first  supposed 
that  it  might  be  in  some  way  related  to  the  well-known  Atacama 
iron ;  but  it  is  very  clear,  by  the  most  casual  inspection,  that  it  has 
no  connection  with  that  iron ;  at  the  same  time  it  resembles  5t) 
closely  another  meteoric  mass  from  that  region — ^in  fact,  is  so 
identical  with  it  in  all  particulars — that  if  it  had  not  bailed  from 
another  locality  it  would  be  pronounced  a  portion  of  the  meteorite 
from  Sierra  de  Chaco,  Atacama,  described  in  1863  by  Prof.  Rose 
(see  Buchner,  Oeschickte  der  Meteoriten,  p.  131). 

Prof.  Joy  omitted  to  mention  in  his  paper  that  the  meteorite 
was  said  to  have  been  found  in  the  Janacera  Pass. 

The  meteorite  from  Sierra  de  Chaco  was,  at  the  time  it  was 
described,  unique  in  its  physical  characteristics;  the  close  resem- 
blance to  it  therefore  of  the  one  under  notice,  and  its  coming  from 
Atacama,  has  induced  me  to  investigate  as  far  as  possible  the  rela- 
tive position  of  Sierra  de  Chaco  and  Janacera  Pass. 

The  best  authority  on  the  geography  of  Chili  in  this  country 
is  doubtless  Captain  Gilliss,  of  the  United  States  Observatory  at 
Washington.  In  answer  to  my  inquiries  on  the  subject  he  gives  the 
following  information:  ''I  do  not  know  any  pass  in  Chili  named 
Janacera ;  there  is  a  river  Jarquera,  which  has  its  origin  near  one 
of  the  passes  in  Atacama,  and  very  probably  there  is  a  pass  of  the 
same  name.'  The  river  Jarquera  is  to  the  northward  and  eastwani 
of  Chaco,  the  former  being. within  the  chain  of  the  Andes,  and 
Chaco  most  probably  is  in  the  western  or  coast  range.  They  are 
from  one  hundred  and  twenty  to  one  hundred  and  fifty  mile? 
apart." 

As  it  is  important  to  locate  this  meteorite  correctly,  I  have 
written  to  Prof.  Domeyko  on  the  subject.  The  village  of  Chaco 
is  situated  near  latitude  25°  20'  S.  and  longitude  69°  20'  W.  from 
Greenwich,  and  its  height  above  the  sea  is  8,778  feet. 

The  meteorite  in  question  is  so  intimate  a  mixture  of  metallic 
and  stony  matter  that  it  is  difficult  to  say  whether  to  rank  it  among 
the  stony  or  metallic  meteorites.  Treated  with  a  mixture  of  nitric 
and  chlorhydric  acids,  and  slightly  warmed,  the  metaUic  portion  is 
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rapidly  dissolved  without  the  form  of  the  mass  being  altered.  Its 
mineral  constituents  are  readily  separated  by  the  combined  aid  of 
chemical  and  mechanical  means,  and  besides  the  iron  I  have  been 
enabled  to  separate  small  but  distinct  particles  of  chromic  iron, 
small  spherical  masses  of  olivine  as  beautiful  in  color  and  as  trans- 
parent as  that  from  the  Pallas  meteoric  iron,  and  also  a  pyroxenic 
mineral ;  and  perhaps  with  a  larger  amount  of  material  to  work 
upcm  other  minerals  might  have  been  recognized. 

I  have  nothing  to  add  to  the  careful  chemical  examination  by 
Prof.  Joy,  having  detached  mechanically  most  of  the  minerals  that 
he  deduced  from  analysis. 

28 


Digitized  by 


Google 


NEWTON  COUNTY  (ARK.)  METEORITE, 

CONTAINING  ON  ITS  SURFACE   THE  CARBONATE   OF  LIME. 

Amei'.  Jour,  Science,  xl,  1865,  pp.  213-210. 

The  first  notice  of  the  meteorite  of  Newton  County  was  made 
in  1860  by  Prof  Cox,  who  was  engaged  in  the  geological  survey 
of  Arkansas.  The  original  has  not  been  obtained.  The  only 
fragment  of  it  being  in  the  hands  of  Judge  Green  was  given  to 
Prof  Cox,  who  has  kindly  presented  it  to  me.  The  weight  uf 
the  fragment  is  twenty-two  and  a  half  ounces,  and  was  evidenUy 
broken  off  from  one  corner  of  the  mass,  as  it  presents  three  of 
th(»  original  surfaces. 

This  meteorite  is  of  the  mixed  variety,  and  can  not  be  clasj'eti 
with  either  the  metallic  or  the  stony  meteorites.  It  is  one  of  the 
most  interesting  that  has  been  discovered  in  the  United  States, 
ditfering  from  any  other  yet  found  in  these  regions. 

The  stony  matter  is  very  distinctly  crystallized,  and  some  of 
the  minerals  can  be  easily  detatched  and  examined  separately 
The  metallic  portion  constitutes  somewhat  over  one  half  of  the 
mass,  and  owing  to  the  diffusion  of  the  stony  matter  has  a  coarsely 
reticidated  structure. 

When  broken  under  the  hammer  and  the  iron  separated  hy 
the  magnet,  it  is  obtained  in  coarse  grains,  varying  from  three  tn 
four  grains  down  to  very  small  fragments.  The  exterior  is  of 
a  rusty  color,  roughened  by  projection  of  nickeliferous  iron,  and 
over  several  parts  of  the  surface  there  is  a  white  incrustation. 

Specific  gravity  taken  on  different  pieces  varies  from  4.5  t«> 
6.1.  By  mechanical  means  and  the  aid  of  the  magnet  the  follow- 
ing minerals  were  separated :  Nickeliferous  iron,  chrome  iron, 
sulphuret  of  iron,  hornblende,  olivine,  and  carbonate  of  lime. 

Nickeliferous  iron, — I  may  as  well  mention  the  manner  in  which 
I  separate  the  iron  from  the  stony  matter  of  meteorites.     In  most 
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instances  it  is  necessary  to  sacrifice  a  fair  portion  of  the  specimen. 
The  mass  is  crushed  in  a  steel  mortar.  The  magnet  is  then  able 
to  take  out  the  iron  from  the  mass  of  stony  matter,  especially  if 
the  crushing  operation  is  repeated  two  or  three  times.  The  iron 
is  then  introduced  into  an  iron  or,  better  still,  a  silver  capsule  or 
crucible,  and  a  strong  solution  of  potash  added.  Heat  is  applied 
until  all  the  water  is  driven  off,  and  the  residue  is  heated  to 
redness.  On  cooling  water  is  applied,  and  the  excess  of  potash 
washed  out,  as  well  as  some  silicate  of  potash  that  is  formed. 
After  thoroughly  washing  the  particles  of  iron  tliey  are  moistened 
with  a  little  alcohol,  and  dried  on  blotting-paper  wiih  a  gentle 
heat;  and  by  holding  a  magnet  a  little  distance  from  them  the 
particles  of  iron  will  adhere  to  the  magnet,  almost  perfectly  free 
from  earthy  matter. 

The  iron,  if  of  a  coarse  reticulated  structure,  as  the  one  in 
question,  may  require  to  be  crushed  in  the  steel  mortar  after 
treatment  by  potash,  to  detach  particles  of  silicate  remaining  in 
small  crevices ;  and  in  this  variety  I  sometimes  repeat  the  treat- 
ment by  potash.  In  this  way  the  foreign  matter  associated  with 
the  iron  can  be  reduced  to  one  half  per  cent.  Of  course  this 
process  sacrifices  more  or  less  of  the  iron,  especially  if  the  iron 
be  in  very  small  particles.  But  this  sacrifice  is  of  secondary  im- 
portance compared  with  the  necessity  of  having  the  metallic 
matter  in  a  pure  state.  Thus  purified  the  iron  was  found  to  be 
composed  of 

Iron 91.23 

Nickol 7.21 

Cobalt 71 

v\       1 '  -        !'  too  small  to  be  estimated.  

Phosphorus,  j  

99.15 
In  the  analysis,  after  separating  the  iron  by  the  acetate  of 
soda,  the  nickel  and  cobalt  were  separated  by  nitrite  of  potash ; 
which  method  I  have  used  frequently  and  with  the  best  results. 
Liebig's  method  for  accomplishing  the  same  end  has  been  much 
improved  by  the  modification  lately  deviled  by  Professor  Gibbs, 
of  dissolving  the  oxide  of  mercury  in  the  cyanide  of  mercury. 
But  having  every  arrangement  necessary  for  executing  success- 
fully the  method  by  the  nitrite  of  potash,  I  have  not  yet  tried 
Professor  Gibbs's  modification,  but  shall  do  so  shortly. 

Ckr&meiron. — This  is  found  in  small  quantity  in  minute  par- 
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tfoles,  some  of  them  showing  distinct  faces  of  crystals ;  but  I  failed 
to  find  any  complete  octahedron.  The  quantity  was  too  small  for 
analysis,  but  was  readily  recognized  by  the  blow-pipe. 

tSfulphuret  of  iron. — ^This  also  is  discernible  only  in  minute  quan- 
tity, and  could  not  be  collected  for  analysis.  I  would  remark,  with 
reference  to  the  sulphuret  of  iron  found  in  meteorites,  that  it  can 
not  be  classed  with  the  terrestrial  magnetic  pyrites,  whose  formula 
is  considered  Fcy  S3,  having  always  found  the  sulphur  too  small 
for  this  formula ;  in  which  conclusion  I  believe  that  I  am  sustained 
by  Rammelsberg  and  others.  My  results  point  to  the  formula  FeS; 
and  if  the  compositions  of  these  two  kinds  of  pyrites  are  correctly 
made  out,  then  the  meteoric  variety  has  no  terrestrial  represents 
tive. 

jBTornfr^wrfe.— This  mineral  is  easily  separated,  and  l«  of  a 
greenish-gray  color,  more  or  less  soiled  by  iron.  With  some  care 
it  can  be  detached  unmixed  with  other  constituents.  It  has  a 
very  distinct  cleavage  in  one  direction  and  an  imperfect  one  in 
another.     On  analysis  it  gave 

Silica 52.10 

Alumina 1.02 

Protoxide  of  iron 16.49 

Protoxide  of  manganese 1.25 

M  ai^nesia 29.81 

Alkalies  (potash,  soda,  lithia) 24 

100.91 
The  oxygen  relations  of  the  silica  and  protoxides  furnish  ibf 
formula  ^4  sij — the   formula   of  hornblende.      In   structure  and 
composition  it-  is  not  unlike  some  varieties  of  anthophyllite. 

Olivine. — This  mineral  is  diffused  through  the  mass.  Some  «i 
the  smaller  pieces  are  almost  colorless ;  others  again  are  more  or 
less  yellow,  being  stained  with  oxide  of  iron.  Some  of  the  frag- 
ments are  iridescent,  like  varieties  of  oligoclase,  which  I  at  fir>t 
took  it  to  be.  Sufficient  of  it  was  detached  in  a  pure  state  for 
analysis,  and  was  found  to  be  composed  as  follows : 

Silica 42.02 

Alumina .46 

Protoxide  of  iron 1 2.08 

Magnesfa 47.26 

101.81 
There  was  a  minute  quantity  of  the  manganese  estimated  with 
the  oxide  of  iron  and  magnesia.     This  analysis  overruns  the  100. 
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This  is  accounted  for  in  part  by  the  quantity  used  for  analysis  not 
being  more  than  0.160  grammes.  The  oxygen  ratio  of  the  silica 
and  protoxides  show  the  composition  ftj  §i,  which  is  that  of  olivine. 

Carbonate  of  lime.  —  The  observation  of  this  constituent  in  a 
meteorite  is  something  entirely  new,  yet  it  is  found  on  the  exterior 
sur&ce  of  the  meteorite  in  question  in  various  places.  There  is  no 
doubt  in  my  mind,  however,  that  this  ingredient  was  not  a  part  of 
the  mass  when  it  fell ;  but  that  it  has  been  exposed  to  certain  con- 
ditions since  its  fall  by  which  carbonate  of  lime  has  been  incrusted 
on  its  surface. 

It  is  much  to  be  regretted  that  the  entire  original  mass  is  not 
accessible  to  furnish  facilities  for  determining  whether  it  is  an 
incrustation  or  not,  and  if  the  former,  whether  the  incrustation 
was  formed  prior  or  subsequent  to  its  fall. 

In  relation  to  the  presence  of  carbonates  in  meteorites  we  have 
the  first  and  only  announcement,  up  to  the  present  time,  in  connec- 
tion with  the  meteorites  which  fell  at  Orgueil  in  1863.  Messrs. 
Des  Cloizeaux,  Pisani,  Daubr^e,  and  Cloez  discovered  minute 
rhombohedral  crystals  of  double  carbonates  of  magnesia  and  iron. 

The  above  statements  exhaust  about  all  that  I  have  to  say  at 
the  present  time  on  the  meteorite  under  investigation.  There  may 
be  one  or  two  other  minerals  in  its  composition,  but  I  could  not 
separate  them  in  a  manner  to  pronounce  as  to  whether  they  were 
different  from  those  already  described  or  not. 
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Amer.  Jaiir.  Sciejice,  xliii,  18(>7,  pp.  t)6,  67. 

1.  RussEL  Gulch  Iron. 

I  have  known  of  the  existence  of  a  new  meteoric  iron  froii; 
Russel  Gulch  in  Colorado  for  about  two  years,  but  it  was  only 
recently  that  it  passed  into  my  hands.  I  first  heard  of  it  in  the 
possession  of  Mr.  Fisher,  of  New  York,  who  subsequently  turneil 
it  over  to  Prof.  C.  F.  Chandler,  of  Columbia  College,  New  York, 
who  kindly  submitted  it  to  me,  as  I  am  furnished  with  the  nei-es 
sary  means  for  cutting  up  and  scrutinizing  thoroughly  this  clasps  of 
of  bodies. 

The  mass  of  iron  is  accompanied  with  the  following  label : 
**  Meteoric  iron  found  in  Russel  Gulch,  February  18,  1863,  by  Air. 
Otho  Curtice.  Weight  twenty-nine  pounds.  Brought  to  iXew 
York,  February,  1864." 

The  mass  measures  in  its  extreme  length,  breadth,  and  tlii<»k- 
ness  Six7\xi>l  inche^j.  It  is  perfect  in  all  parts  except  at  one 
extremity,  and,  as  stated  above,  weighs  twenty-nine  pounds. 

The  iron  is  one  of  medium  hardness,  with  the  density  7.72,  and 
when  cut  through  was  found  to  contain  a  few  small  nodules  of  iron 
pyrites.  It  is  attacked  readily  by  nitric  acid,  and  gives  bold  Wid- 
mannstiittian  figures  without  very  sharp  angles.  It  resissts  the 
action  of  the  air  and  moisture  very  well,  and  is  consequently  but 
little  altered  on  the  surface.  No  siliceous  minerals  could  be  traced 
in  any  of  the  crevices.     On  analysis  its  composition  was  found  to  he 

Iron    90.61 

Nickel    7-84 

Cobalt 78 

Copper,  minute  quantity. 

Phosphorus 02 

99.26 
I  have  not  made  any  further  observations  in  relation   to   the 
presence  of  copper  in  meteoric  iron  since  1852,  when  I  called  atten- 
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tion  to  it.  Since  then  I  have  become  more  conjRrmed  in  the  opin- 
ion, then  first  expressed,  that  copper  would  be  found  in  all  meteoric 
irons ;  this  has  been  the  result  of  examinations  of  many  well-known 
meteoric  irons  and  all  new  ones  that  have  come  under  my  exam- 
ination. 

One  or  two  grains  of  the  iron  is  all  that  is  necessary  for  the 
examination,  if  it  be  done  carefully;  but  four  or  five  grains  had 
better  be  used.  Dissolve  the  iron  in  chlorhydric  acid,  and  if  nec- 
essary add  a  little  nitric  acid ;  it  is  as  well  at  all  times  to  add  a 
drop  or  two  at  the  end  of  the  operation.  Evaporate  away  the 
excess  of  acid,  add  water,  precipitate  with  sulphureted  hydrogen 
until  there  be  an  excess  of  gas  in  the  solution ;  throw  on  a  filter 
and  wash  with  water  containing  a  little  HS,  dry  the  filter,  burn  in 
a  porcelain  crucible,  treat  the  residue  in  a  little  niiro-muriatic,  and 
evaporate  to  dryness,  with  the  addition  of  a  drop  or  two  of  sul- 
phuric acid  ;  treat  the  residue  with  water,  when  the  introduction 
of  a  clean  plate  of  iron  will  cause  a  deposition  of  the  copper  with 
all  its  characteristic  properties. 

2.  Bear  Creek  Iron. 

Of  this  there  are  two  short  notices  in  the  November  number  of 
the  American  Journal  of  Science .  and  Arts,  pages  260  and  286. 
The  specimen  of  it  in  my  possessi<m  has  enabled  me  to  make  a 
thorough  examination  of  the  constituents.  The  piece  I  have  ban  a 
portion  of  the  exterior  attached. 

As  has  already  been  stated  by  Prof.  Shepard,  it  is  coarsely 
crystalline,  and  laminated  from  the  effects  of  decomposition  be- 
tween the  crystals;  the  surface  contains  considerable  pyrites, 
although  Prof  Shej)ard  did  not  discover  any  in  his  specimen. 
I  was  enabled  to  separate  and  analyze  magnetic  pyrites,  schreiber- 
site,  and  nickeliferous  iron.  Of  the  magnetic  pyrites  sufficient  was 
separated  to  make  a  quantitative  determination,  which  was  as 
follows : 

Sulphur   85.08 

Iron    61 .82 

Nickel' 41 

Insoluble  residue 1.81 

99.12 
The  schreibersite  was  not  obtained  in  sufiicient  quantity  for  a 
complete  analysis;  about  fifty  milligrammes  of  the  pure  mineral 
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gave  all  the  constituents  usually  found  in  this  interesting  mineral. 
The  nickeliferous  iron,  constituting  of  course  the  great  bulk  of  tiie 
mass,  was  composed  as  follows : 

Iron    83.89 

Nickel    1406 

Cobalt ^3 

Copper,  minute  quantity. 

Phosphorus  .21 

98.99 
The  laminae  of  iron  are  often  very  brilliant,  having  the  luster 
of  silver,  and  caused  me  to  suspect  more  nickel  than  was  found. 
It  was  supposed  that  in  the  decomposition  of  the  crystals  the  iron 
would  disappear  more  rapidly  than  the  nickel,  and  that  by  a  pro- 
cess of  cementation  the  nickel  would  accumulate  in  the  laniinae ; 
but  from  careful  examination  of  the  process  of  decomposition  there 
is  no  doubt  that  the  interior  of  the  mass  will  not  differ  materially 
in  its  composition  from  the  analysis  already  given  of  the  nickel- 
iferous iron.  Besides  the  minerals  already  mentioned,  and  which 
properly  belong  to  the  original  mass,  there  is  much  oxide  of  iron, 
containing  some  nickel ,  arising  from  the  decomposition  of  the 
surface. 
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Amer,  Jour.  Science,  xlvii,  1869,  pp.  383-385. 

The  region  of  Mexico  bordering  on  Texas  seems  to  have  been 
most  profusely  furnished  with  these  celestial  visitors.  In  185^  I 
first  drew  the  attention  of  the  scientific  public  to  the  meteoric  irops 
of  this  region,  at  which  time  I  described  one  brought  from  there  by 
Lieut.  Gouch,  referring  at  the  same  time  to  one  mentioned  by  Mr. 
Weidner  near  the  southwestern  edge  of  the  Balsin  de  Mapini,  on 
the  route  to  the  mines  of  Panal,  weighing  not  less  than  one  ton; 
also  to  another  mentioned  by  Dr.  Berlaudier,  in  his  journal  of  the 
€ommis.sion  of  limits,  that  at  the  Hacienda  of  Venegas  there  was 
(1827)  a  piece  of  iron  that  would  make  a  cylinder  one  yard  in 
length  with  a  diameter  of  ten  inches.  It  was  said  to  have  been 
from  the  mountains  near  the  hacienda.  (See  my  article  on  the  sub- 
ject, American  Journal  of  Science  and  Arts,  1854.)  In  the  descrip- 
tion there  given  it  was  stated  that  the  specimen  examined  came 
from  sixty  miles  north  of  Santa  Rosa,  and  therefore  in  one  or  two 
collections  in  which  it  is  to  be  found  it  is  called  incorrectly  Santa 
Rom  meteorite.  I  was  allowed  to  cut  off  but  a  small  piece  of  it 
from  the  original  specimen,  which  is  in  the  Smithsonian  Institution, 
and  consequently  I  was  able  to  supply  but  two  or  three  specimens. 
For  the  discovery  and  collection  of  the  8i)ecimens  now  under  con- 
sideration we  are  indebted  to  Dr.  H.  B.  Butcher,  and  I  will  give  a 
full  detail  of  the  discovery  as  communicated  in  letters  to  his  father 
by  Dr.  Butcher,  to  whom  the  scientific  world  are  certainly  indebted 
for  the  labor,  ex|)ense,  and  danger  incurred  in  procuring  them.  I 
must  not,  however,  fail  to  state  that  I  am  indebted  to  Dr.  Feucht- 
wanger  for  first  informing  me  of  the  fact  of  their  arrival  in  this 
country,  and  for  the  exhibition  of  a  small  fragment  to  the  mem- 
bers of  the  American  Scientific  Association  at  Chicago  in  1868. 

In  a  letter  dated  September  8,  1868,  Dr.  Butcher  writes,  from 
information  received  from  the  son  of  Dr.  Long,  who  had  resided 
many  years  at  Santa  Rosa,  that  in  the  fall  of  the  year  1837  there 
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appeared  over  the  town  a  most  brill  in  nt  meteor,  having  a  north  we^^t 
direction.  He  describes  it  as  most  beautiful,  lighting  up  the  whole 
horizon,  with  a  trail  of  brilliant  light  following  in  its  progres.-. 
Shortly  after  its  disappearance  among  the  distant  mouiitain.s  they 
heard  a  rumbling  sound,  immediately  followed  by  a  tremendou- 
explosion. 

From  the  report  he  thought  it  fell  and  exploded  as  it  reach<>i 
.the  earth,  somewhere  between  Santa  Rosa  and  the  mountains,  a 
distance  of  some  thirty-five  miles,  and  the  next  day  he  stnrtt  I 
with  friends  to  examine  the  route,  hoping  to  find  it.  After  twr> 
days'  severe  and  rough  riding  they  abandoned  the  search  ami 
returned  to  town.  Shortly  afterward  an  Indian  brought  a  piec-*^ 
weighing  ten  or  twelve  pounds  into  Santa  Roj^a,  supposing  it  t'» 
be  silver,  having  found  it  some  ninety  miles  northwest  of  the 
town,  being  in  the  same  direction  in  which  Dr.  Long  ami  hi- 
friends  had  been  exploring,  the  doctor  having  been  deceived  a^ 
to  distance,  he  only  going  to  the  base  of  the  mountain  in.<teal 
of  crossing  it  and  then  following  the  valley  for  some  forty  miles 
farther,  where  I  think  his  search  would  have  been  a  success. 

Dr.  Butcher  now  undertook  the  search,  after  which  he  write>: 
**I  have  returned  fully  successful,  and  am  making  prej>aration> 
to  send  on  the  iron.  In  making  my  arrangements  I  hired  eight 
Mexicans  and  two  Indians  as  guides,  and  started  into  the  rkjuu- 
tains  in  a  northwest  direction,  the  same  as  taken  by  Dr.  Long, 
and  found  the  iron  about  ninety  miles  from  Santa  Rosa.  A.- 
no  vehicle  could  'go  into  the  mountains  by  the  route  we  entered, 
I  spent  two  days  in  exi)loring  a  new  road  whereby  the  ox-team^ 
could  bring  them  out  and  get  them  to  Santa  Rosa.  They  cini- 
sist  of  eight  pieces,  varying  from  two  hundred  and  ninety  pounds, 
which  is  the  smallest,  to  six  hundred  and  fifty-four  pounds,  which 
is  the  largest,  making  a  total  of  nearly  four  thousand  pound>. 
Before  the  explosion  the  Aveight  must  have  been  much  greater, 
as  it  is  not  probable  that  I  have  secured  the  whole,  and  we  know 
some  was  taken  away  by  the  Indians,  who  thought  they  found 
large  masses  of  silver,  and  carried  their  specimens  to  Santa  Rosa, 
It  appears  there  is  on  record  a  statement  of  the  meteor  having 
passed  over  the  city  in  1837,  and  one  of  my  guides  relates  as  a 
fact  that  at  that  time  (1837)  a  Lepan  Indian  was  riding  one  of 
their  small  ponies  through  the  valley,  when  his  stirrup  struck 
against  one  of  the  masses,   causing  a  ringing  sound   like  silver. 
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He  dismounted  and  was  confirmed  in  his  opinion  of  silver,  and 
took  away  a  piece  ten  or  twelve  pounds  in  weight,  which  he 
carried  to  Santa  Rosa  to  sell.  I  have  received  from  various 
sources  information  relative  to  this  meteor,  and  all  confirm  me 
in  the  opinion  that  the  autumn  of  1837  is  about  the  time  of  its 
fall.  My  party  were  in  considorable  danger  while  in  the  moun- 
tains, as  we  were  encamped  two  miles  from  the  regular  trail  when 
some  three  hundred  Indians  went  through  with  a  large  numl>er  of 
their  stolen  horses." 

Whether  or  not  the  time  above  specified  is  that  of  the  fall  of 
one  or  more  of  these  irons  is  a  matter  of  little  moment;  the 
probabilities  are,  however,  strongly  in  favor  of  it;  nevertheless, 
it  forms  one  of  the  most  interesting  groupings  of  meteoric  irons 
known  in  any  part  of  the  world,  especially  as  the  mn?ses  are  solid 
and  compact,  and  not  fragile  and  half  stony,  as  the  Atacama  iron, 
that  may  have  been  broken  artificially  after  its  fall,  and  the  frag- 
ments scattered  by  Indians  and  explorers  in  search  of  silver. 
Each  one  of  these  masses,  merits  a  separate  examination,  which 
I  hope  to  be  able  to  give,  sooner  or  later,  to  satisfy  my  mind  on 
one  or  two  point*  connected  with  their  common  physical  structure 
and  chemical  composition.  But  I  will  not  delay  this  paper  until 
then. 

Six  of  these  masses  have  been  brought  to  this  country,  weigh- 
ing respectively  290,  430,  438,  550,  580,  and  654  pounds.  They 
are  irregular  compact  masses,  without  any  evidence  of  stony  min- 
erals. They  belong  to  the  softer  irons,  not  very  difficult  to  out 
with  the  saw  ;  as  yet  there  has  been  but  about  one  ounce  detached 
from  one  of  tlie  masses,  which  has  enabled  me  to  make  out  the 
following  description.     Specific  gravity  7.692.     It  contains 

Iron 9*2.05 

Nickel 0.02 

Cobalt 48 

Phiwphorus 02 

Copper,  very  minute  quantity. 

This  composition  diflfers  somewhat  from  the  meteoric  iron  called 
Santa  Rosa ;  but  recently  I  have  reason  to  believe  that  the  quan- 
tity of  nickel  given  in  the  Santa  Rosa  is  too  small,  some  portion 
of  it  having  remained  with  the  iron.  Future  examinations  may 
prove  that  the  Santa  Rosa  belongs  to  the  group  of  irons  under 
notice. 
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Amer.  Jour.  Science,  xlvii,  1869,  pp.  271,272;  0>mpf.  Rend.,  xlTiii. 
1869,  pp.  620,  621. 

These  meteorites  were  first  brought  to  my  notice  by  Mr.  I.  A. 
Laphara,  of  Wisconsin;  and  his  attention  was  called  to  them  bj 
Mr.  C.  Daflinger,  Secretary  of  the  German  Natural  History  Soci- 
ety of  Wisconsin.  They  were  discovered  in  the  town  of  Trenton, 
Washington  County,  Wisconsin,  and  I  have  called  them  the  "  Wis- 
consin Meteorites."  Up  to  the  present  time  fragments  have  been 
found,  indicating  that  these  meteorites  were  of  the  same  fall,  aod 
separated  at  no  great  elevation.  They  were  found  within  a  space 
of  ten  or  twelve  square  yards,  very  near  the  north  line  of  the 
forty-acre  lot  of  Louis  Korb,  in  lat.  43°  22*  north,  and  long.  S^*'* 
8'  west  from  Greenwich,  and  about  thirty  miles  northwest  of  Mil- 
waukee. 

They  were  so  near  the  surface  as  to  be  turned  up  with  the 
plow;  they  weigh  sixty,  sixteen,  ten,  and  eight  pounds  respect- 
ively, and  present  the  usual  pitted  and  irregular  surfaces. 

The  largest  of  the  meteorites  in  its  extreme  dimensions  is  four- 
teen inches  long,  eight  inches  wide,  and  four  inches  thick,  weighing 
sixty- two  pounds.     Its  specific  gravity  is  7.82,  and  composition: 

Iron 91.0?$ 

Nickel 7.20 

Cobalt 58 

Phosphorus .14 

Copper,  minute  quantity. 

Insoluble  residue 45 

A  polished  surface  when  etched  gives  well-marked  WidmaDO- 
stattian  figures.  There  is  something,  however,  peculiar  about  the 
markings  on  this  iron,  which  is  doubtless  common  to  other  irons, 
but  which  has  heretofore  escaped  my  observation :  and  I  can  not 
discover,  in  a   hasty  investigation,  that  it  has   been   noticed  bj 
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others.  My  attention  was  called  to  this  peculiarity  by  Mr.  Lapham, 
on  a  slice  of  the  meteorite  I  sent  him  etched.  Should  these  mark- 
ings be  entitled  to  a  separate  notice,  I  propose  calling  them  Lap- 
hamite  markings.  The  little  drawing  accompanying  this,  which  is 
on  a  somewhat  exaggerated  scale,  will  show  what  they  are. 

The  Widmannstattian  figures  are  a,  bright  metallic,  with  con- 
vex ends  and  sides ;  6  e,  of  a  darker  color,  are  the  other  markings, 
usually  smaller,  and  with  the  sides  and  ends 
concave.  The  material  of  which  these  dark 
figures  are  composed  seems  to  have  envel- 
oped the  lighter  colored  portion,  which  serves 
to  make  the  dark  lines  so  beautifully  con- 
spicuous. A  good  pocket -glass  will  show 
that  the  dark  figures  are  striated,  with  lines 
at  right -angles  to  the  bounding  surfaces. 
When  the  figure  is  nearly  square  the  lines  extend  from  each  of 
the  four  sides,  but  when  much  elongated,  as  at  e,  they  are  parallel 
with  the  longer  sides.  Often  these  lines  do  not  reach  the  middle 
of  the  figure,  where  only  a  confused  crystallization  can  be  detected. 
In  the  interior  of  the  elongated  figures  the  lines  are  quite  irregu- 
lar, often  running  together  and  showing  a  striking  resemblance  to 
woody  fiber.  The  nature  of  these  markings  may  be  easily  under- 
stood. They  indicate  the  axes  of  minute  columnar  crystals,  which 
tend  to  assume  a  position  at  right- angles  to  the  surface  on  cooling. 

These  markings  ifiay  have  been  observed  by  others;  and  as 
soon  as  the  subject  can  be  examined  on  other  irons,  a  better  con- 
clusion can  be  formed. 
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WITH    REMARKS    ON    THE    PRESENCE    OF    COPPER     AND 
NICKEL  IN  METEORIC  IRONS;  THE  METHOD  OF  ANA- 
LYZING THE  SAME;  AND  THE  PROBABILITY  OF 
THE  LEAD  IN  THE  TARAPACA  IRON  HAV- 
ING   BEEN    ORIGINALLY    FOREIGN 
TO   THAT   MASS. 


Amer.  Jour.  Science,  xlix,  1870,  pp.  331-336. 

1.  The  Fraxklin  County  Meteoric  Iron. 

The  Franklin  County  meteoric  iron  was  first  brought  to  my 
attention  in  a  bhicksmith-shop  in  Frankfort,  Ky.  It  was  carried 
there  to  be  tested  in  regard  to  it^  quality  as  iron;  being  supposed 
by  its  discoverer  to  indicate  an  iron  mine.  Mr.  Nelson  Alley  be- 
came possessed  of  it,  and  kindly  presented  it  to  me. 

It  came  from  a  hill  eight  miles  southwest  of  Frankfort,  latitude 
38°  14'  north,  longitude  80°  40'  west  from»  Greenwich,  and  was 
discovered  in  1866.  It  pa.«sed  into  my  pos?ession  in  1867,  and 
was  then  descril)ed  by  me,  but  the  manuscript  Wivs  lost  after  its 
leaving  my  hands,  and  the  original  notes  were  mis])laced ;  the  notes 
have  been  recently  discovered,  and  the  iron  again  analyzed. 

lU  form  is  somewhat  globular,  with  a  highly  crystalline  struc- 
ture. Its  weight  was  twenty-four  pounds ;  and  this  appears  t4> 
have  been  its  original  weight,  only  a  few  flakes  having  become 
detached  by  the  rusting  through  of  some  of  the  fissures.  Specific 
gravity  7.6D2.  Its  composition  when  ])erfectly  freed  from  rust  and 
earth  is 

Iron 90.68 

Nickel 8.53 

Cobalt 36 

Copper,  minute  quantity. 

Phosphorus 05 

99.52 
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Having,  as  it  will  be  seen,  the  usual  composition  of  meteoric  irons. 
While  on  the  subject  of  this  iron  I  will  add  gome  remarks 

2.  On  the  Presence  of  Cobalt  in  Meteoric  Irons. 

My  attention  has  been  directed  again  and  again  to  meteoric 
irons  whose  analyses  are  given  without  mention  of  the  presence  of 
cobalt;  and  in  some  instances  with  the  distinct  statement  that  it 
is  absent,  as  in  the  recent  examination  of  a  meteoric  iron  from 
Auburn,  Macon  County,  Alabama,  by  Prof.  Shepard,  who  states 
that  **  neither  cobalt,  tin,  nor  copper  was  detected  in  this  iron." 
I  can  not  but  suggest  the  importance  of  making  a  most  critical 
examination  of  these  irons  before  pronouncing  this  fact;  for  in 
every  analysis  that  I  have  made  of  meteoric  irons  (over  one  hun- 
dred different  specimens)  with  this  in  view,  cobalt  has  been  inva- 
riably found,  along  with  a  minute  quantity  of  copper.  A  great 
many  of  the  analyses  made  were  of  irons  that  had  been  previously 
examined  without  a  recognition  of  the  cobalt. 

The  presence  of  these  ingredients,  even  in  small  quantities,  is  a 
matter  of  considerable  mineralogical  interest  as  is  the  case  of  the 
presence  of  small  quantities  of  other  elements  in  many  minerals ; 
a  fact  that  I  will  have  occasion  to  refer  to  at  some  future  time  in 
connection  with  leucite  and  other  silicates. 

As  a  guide  to  those  who  may  wish  to  know  the  manner  of  my 
examination  of  meteoric  iron,  I  will  give  a  little  in  detail  the 
method  adopted  in  separating  the  metals. 

MetJiod  of  ancdysis. — A  small  piece  of  the  iron  is  selected  per- 
fectly free  from  crust  and  earthy  matter.  I  sometimes  plunge  the 
fragment  into  nitric  acid  somewhat  diluted,  warm  the  acid  and  con- 
tinue the  action  for  a  few  seconds,  withdraw  the  iron,  wash  well 
and  dry  it.  The  piece  selected  for  analysii^  should  be  about  one 
gramme,  or  a  little  over  (except  where  the  copper  is  sought  for 
quantilively,  and  then  at  least  ten  grammes  should  be  used  for  the 
copper  estimate  alone).  Treat  the  iron  in  a  porcelain  capsule,  or 
ghiss  flask,  wilh  a  mixture  of  hydrochloric  and  nitric  acids,  con- 
sisting of  four  parts  of  the  former  to  one  of  the  latter,  and  about 
as  much  water  as  acid ;  dissolve  over  a  water-bath.  If  a  capsule 
be  used,  invert  a  funnel  over  the  mixture,  the  edges  of  the  funnel 
entering  the  capsule  but  not  touching  the  mixture.     Continue  the 
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action  on  the  water-bath  until  the  solution  is  complete ;  evaporate 
to  dryness  (having  washed  what  may  adhere  to  the  inner  surface 
of  the  funnel  into  the  capsule),  then  add  a  little  more  hydrochloric 
acid  and  evaporate  again  nearly  to  dryness.  This  is  done  to  insure 
driving  off  the  last  portion  of  nitric  acid  and  rendering  the  iron 
easily  soluble.  Add  to  the  contents  of  the  capsule  an  ounce  or 
two  of  water,  and  if  there  be  a  residue  it  must  be  collected  on  a 
weighed  filter,  dried,  weighed,  and  reserved  for  future  examina- 
tion ;  if  the  quantity  be  too  small  for  examination,  a  larger  portion 
of  the  iron  must  be  examined  with  special  reference  to  this  re^iidue 
— which  most  commonly  is  a  silicate,  but  may  contain  carbon  or 
chromic  iron  (chroraite). 

If,  however,  there  is  no  residue,  proceed  to  the  next  step  at 
once  without  filtering;  if  the  solution  has  been  filtered  the  follow- 
ing steps  are  the  same.  Examine  first  for  sulphur.  This  is  done 
by  adding  a  few  drops  of  chloride  of  barium ;  if  there  is  a  pre- 
cipitate it  is  collected  on  a  filter,  and  the  sulphate  of  baryta 
obtained  furnishes  the  amount  of  sulphur  present.  Next  pa.s> 
a  stream  of  sulphureted  hydrogen  through  the  filtrate  to  complete 
saturation,  previously  adding  a  drop  or  two  of  sulphuric  acid; 
much  sulphur  will  be  deposited  and  a  very  minute  quantity  of 
copper  (not  traceable  by  the  color  of  the  precipitate,  but  only 
recognized  by  the  most  delicate  tests  after  the  sulphur  of  thr 
collected  precipitate  is  burnt  away);  the  solution  thrown  on  a 
filter  leaves  the  precipitated  sulphur,  the  little  trace  of  copper, 
and  all  the  excess  of  the  baryta  that  had  been  added,  if  the 
excess  had  been  slight.  The  filter  is  then  ignited  in  a  porcelain 
crucible :  the  residue  treated  with  a  few  drops  of  nitric  and  sul- 
phuric acids,  which  suffices  to  dissolve  the  copper,  and  when 
evaporated  to  dryness  leaves  the  copper  in  the  form  of  sulphate, 
slightly  acid,  as  there  is  no  necessity  of  heating  so  high  as  to 
drive  off  the  very  last  trace  of  sulphuric  acid.  The  presence  of 
the  trace  of  copper  is  easily  shown  by  adding  a  drop  or  two  of 
water  to  dissolve  the  sulphate,  and  with  the  end  of  a  glass  rod 
placing  a  little  of  the  solution  on  a  clean  and  bright  sur&ce  of 
iron,  as  the  blade  of  a  knife,  for  instance.  In  no  examination 
of  a  meteoric  iron  have  I  failed  to  detect  copper  by  this  mean::. 

When  more  iron  is  used  and  there  is  consequently  more  copper, 
it  can  be  separated  and  weighed.  Tin  and  lead  will  also  be  found 
in  the  precipitate  if  they  be  present ;  but  I  have  never  detected 
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either,  except  lead  in  the  case  of  the  Tarapaca  iron,  which  I  have 
every  reason  to  believe  was  originally  foreign  to  the  iron. 

The  sulphureted  hydrogen  precipitate,  which  I  have  always 
obtained,  is  so  minute  in  a  gramme  of  iron  that  it  may  be  dis- 
pensed with,  and  the  iron,  nickel,  and  cobalt  be  separated,  which 
is  accomplished  as  described  a  little  further  on.  If,  however,  sul- 
phureted hydrogen  has  been  used,  the  iron  in  solution  is  in  the 
form  of  protoxide  and  must  be  converted  into  the  peroxide,  which 
is  accomplished  by  adding  a  little  chlorate  of  potash  and  hydro- 
chloric acid  that  have  been  made  to  react  on  each  other  by  heat- 
ing, before  adding  it  to  the  boiling  solution  of  iron,  etc. 

The  solution  of  iron  should  have  a  bulk  of  ten  or  twelve 
ounces;  to  it  is  added  a  solution  of  carbonate  of  soda  in  suf- 
ficient quantity  to  nearly  neutralize  the  free  acid ;  the  iron  is 
now  precipitated  by  acetate  of  soda  with  all  the  well-known  pre- 
cautions. I  wash  this  precipitate  only  partially,  and  detach  it 
from  the  filter  by  washing  it  into  a  beaker  and  re-dissolving  it 
by  hydrochloric  acid,  and  precipitate  it  a  second  time  by  acetate 
of  soda ;  I  then  subject  it  to  complete  washing,  and  estimate  the 
iron  in  the  way  usually  employed.  This  second  precipitation  is 
necessary  to  separate  an  appreciable  quantity  of  nickel  remaining 
in  the  acetate  of  iron  after  the  first  precipitation ;  and  after  con- 
siderable experience  I  must  say  that  it  is  the  only  method  of 
separating  with  any  degree  of  accuracy  iron  from  nickel. 

The  solution  separated  from  the  iron,  and  containing  nickel  and 
cobalt,  is  concentrated  down  to  four  or  five  ounces,  then  treated 
with  caustic  potash  or  soda,  thrown  on  a  filter  and  washed  with 
hot  water,  with  all  the  usual  precautions  when  nickel  is  precipitated 
by  an  alkali.  The  precipitate  is  dried,  ignited,  and  weighed;  after 
which  it  is  dissolved  in  nitric  acid  over  a  water-bath,  and  the 
acid  solution  evaporated  nearly  to  dryness;  about  two  or  three 
drachms  of  water  are  added,  then  a  concentrated  solution  of 
nitrite  of  potash,  then  an  excess  of  acetic  acid ;  this  is  now  set 
aside  for  forty  eight  hours,  during  which  time  the  nitrite  of 
cobalt  is  completely  separated;  it  is  next  thrown  on  a  filter, 
washed,  and  estimated  in  the  manner  proposed  by  the  author  of 
this  method.  I  usually  employ  a  concentrated  solution  of  the 
sulphate  of  potash  to  wash  with.  This  method,  to  say  the  least 
of  it,  has  in  my  experience  proved  fully  equal  to  the  cyanide 
method,  and  is  much  more  simple ;  and  by  it  I  have  never  failed 
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to  detect  and  estimate  cobalt  in  every  meteoric  iron  that  Ims 
come  under  my  examination. 

In  examining  for  pho8phorus  the  following  method  is  adopted; 
To  three  or  more  grammes  of  the  iron,  in  a  porcelain  capkBule. 
add  nitric  acid  diluted  with  water ;  then  invert  a  funnel  over  the 
mixture  to  protect  from  loss  during  the  action,  evaporate  to  dry- 
ness over  a  water-bath,  and  then  on  a  sand-lmth  to  a  temperature 
of  500°  to  600°;  the  iron  is  thus  converted  into  an  oxide  with 
little  or  no  nitric  acid  remaining,  and  the  phosphorus  is  trans- 
formed into  phosphoric  acid  that  is  now  combined  with  oxide  of 
iron.  The  residue  is  detached  as  thoroughly  as  possible  from 
the  capsule  and  mixed  with  twice  its  weight  of  carbonate  of  soda, 
or,  better  still,  with  a  mixture  of  carbonates  of  soda  and  pota-h: 
a  little  carbonate  of  soda  added  to  the  capsule  and  rubbed  with 
a  pestle  detaches  the  last  portion  of  oxide  of  iron,  or  rather  leaves 
so  small  an  amount  as  to  make  no  error  in  the  future  steps  of  an 
analysis  where  the  original  quantity  of  phosphorus  is  so  small. 

The  mixture  of  oxide  of  iron  and  phosphate  is  now  to  he 
heated  in  a  platinum  crucible  to  the  point  of  fusion  of  the  car- 
bonates for  about  twenty  minutes;  then  heat  the  mass  with  water, 
when  the  excess  of  carbonates  will  be  dissolved  and  what  phos- 
phate may  have  been  formed.  The  phosphates  will  represent  all 
the  phosphorus  in  the  iron.  Now  neutralize  the  carbonate  with 
hydrochloric  acid,  and  estimate  the  phosphorus  in  the  ordinary 
way  by  a  magnesia  salt. 

With  regard  to  the  detection  of  chromium  and  other  special 
constituents  of  some  meteoric  irons,  especially  those  containing 
some  siliceous  minerals  intimately  mixed  in  the  iron,  it  is  noi 
the  province  of  this  paper  to  discuss. 

3.  LEA.D  IN  Meteoric  Irons. 

The  only  instance  of  the  finding  of  lead  in  meteoric  irons  is 
that  of  the  Tarapaca  iron,  found  in  1840  in  Chili,  which  was 
examined  by  Mr.  Greg ;  the  metallic  lead  was  detected  by  him 
in  small  masses  of  varied  dimensions. 

I  have  examined  several  specimens  cut  from  the  original  ma^s 
of  iron,  two  of  which  are  in  my  possession,  and  my  conviction  is 
that  the  metallic  lead  was  altogether  foreign  to  the  iron  when  it 
originally  fell,  and   has  been   doubtless  derived  from   lead  with 
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which  the  mass  was  probably  treated  by  the  original  discoverers 
for  the  purpose  of  extracting  some  precious  metal,  they  being 
ignorant  of  its  true  nature.  My  reasons  for  coming  to  this  con- 
clusion are  that  the  lead  is  found  in  cavities  near  the  surface  of 
the  iron,  these  cavities  having  channels  of  more  or  less  size  lead- 
ing to  the  exterior  of  the  mass ;  the  iron  is  honey-combed  in  its 
character  in  many  places,  which  is  evident  to  the  eye,  and  is  also 
indicated  by  its  specific  gravity,  6.5.  In  pieces  of  the  iron  de- 
tached from  the  interior  of  the  mass,  and  examined  with  the 
utmost  care  by  a  magnifying  glass  to  see  that  there  is  no  possible 
fissure  in  it,  no  lead  has  been  found.  These  pieces  are  exceedingly 
difficult  to  obtain,  and  can  only  be  had  in  very  small  pieces. 

The  crust  of  the  iron  having  the  most  cavities  furnishes  most 
lead,  and  is  in  some  parts  covered  by  a  fused  yellow  crust  of  oxide 
of  lead;  this  last  fact  has  no  significance,  however,  in  the  present 
consideration  of  the  matter.  Without  venturing  to  insist  too 
sharply  on  the  view  here  taken,  afler  the  careful  examination  of 
so  distinguished  an  observer  as  Mr.  Greg,  I  recommend  this  view 
of  the  subject  to  those  having  larger  specimens  of  the  iron  than 
myself. 
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(FELL  OCTOBER  6,  1869.) 


Amsr.  Jour.  Science,  1,  1870,  pp.  339-341. 

In  October,  1869,  I  learned  through  the  pubh'c  press  that  cer- 
tain meteoric  phenomena  had  occurred  in  Stewart  County,  Geor^ 
and  that  one  or  more  stones  had  fallen.  Inquiries  were  imme- 
diately instituted  by  me,  and  through  Prof.  Willet  I  obtained  for 
examination  the  only  stone  found,  one  that  was  seen  to  strike  the 
ground. 

The  stone,  as  it  reached  me,  was  nearly  intact,  and  weighed 
twelve  and  a  quarter  ounces;  it  roust  originally  have  weighed 
twelve  and  a  half  ounces.  It  is  of  an  irregular  conical  shape, 
having  a  flattened  base,  and  is  covered  with  a  dull,  heavy  black 
coating.  The  specific  gravity  is  3.65.  The  fractured  surface  ha^« 
a  grayish  aspect,  and  when  examined  closely,  especially  by  the  aid 
of  a  glass,  exhibits  numerous  greenish  globules  with  a  whitish 
granular  material  between;  through  the  mass  are  dark  particles 
consisting  principally  of  nickeliferous  iron,  with  some  pyrites  and 
a  few  specks  of  chrome  iron.  The  nodules  are  sometimes  three  or 
more  millimetres  in  diameter,  and  of  an  obscure  fibrous  crystalline 
structure,  the  crystals  radiating  usually  from  one  side  of  the  nod- 
ule; they  have  a  dirty  bottle-green  color,  a  greasy  aspect  when 
broken,  and  are  more  or  less  opaque. 

Some  of  these  little  nodules  were  separated  in  a  tolerable  staio 

of  purity,  amounting  to  one  hundred  and  twenty-one  milligramme- 

On  analysis  they  afforded  : 

Oxygen.  Ratio. 


Silica 48.62      ,      25.90  \ 


2 


Alumina 8.05  3.79  f 

Protoxide  of  iron 11.21  2.51  \  , 

Magnesia 30.18  11.80/  * 


98.06 
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The  hardness  of  the  mineral  is  about  6,  and  it  is  quite  tough. 
The  formula  would  be  ft  Si,  with  a  part  of  the  silica  replaced  by 
alumina,  a  not  unfrequent  case  in  minerals  such  as  hornblende, 
hypersthene,  etc.  As  it  is  impossible  to  derive  any  light  from  its 
crystalline  structure,  the  above  analysis  warrants  me  in  concluding 
that  it  is  either  bronziie  or  hornblende j  but  I  am  more  inclined  to  the 
former  supposition,  as  it  appears  to  take  the  place  of  the  enstatite 
in  many  meteorites. 

NickeliferoiLs  iron  constitutes  about  seven  per  cent  of  the  mass, 

and  a  portion  separated  in  as  pure  a  state  as  possible  afforded  on 

analysis.^ 

Iron 86.92 

Nickel 12.01 

Cobalt ; 76 

99.68 
These  are  the  proportions  after  allowing  iron  for  a  small  amount 
of  sulphur  present  in  a  minute  quantity  in  the  nickeliferous  iron, 
which  could  not  be  separated  mechanically.  I  did  not  test  for 
copper  or  phosphorus.  The  quantity  of  iron  separated  from  the 
stone  did  not  warrant  my  making  special  analyses  for  substances 
the  quantity  of  which  present  could  only  be  exceedingly  minute. 

The  stony  matter  freed  from  the  iron  was  treated  with  nitro- 
muriatic  acid  and  water,  and  heated  for  some  time  over  a  water- 
bath,  renewing  the  water  and  acid  once  or  twice ;  the  solution  was 
filtered,  and  the  residue  washed ;  the  residue  was  then  treated  with 
a  warm  solution  of  caustic  potash,  filtered,  and  again  washed.  The 
filtrate  was  neutralized  by  hydrochloric  acid  and  added  to  the  first 
filtrate,  and  the  whole  evaporated  to  dryness  over  a  water-bath, 
warmed  gently  over  the  lamp,  and  treated  with  w^ater  and  a  little 
hydrochloric  acid,  thrown  on  a  filter,  the  silica  collected  and  esti- 
mated ;  the  last  filtrate  w-as  treated  with  a  solution  of  chloride  of 
barium  to  ascertain  the  quantity  of  sulphuric  acid  present  (due  to 
the  pyrites  in  the  original  mass);  it  was  found  to  indicate  6.10  per 
cent  of  magnetic  iron  pyrites.  The  solution  freed  from  the  excess 
of  baryta  was  now  analyzed  in  the  ordinary  way. 

The  insoluble  portion  of  the  meteorite  was  fused  with  carbonate 
of  soda  and  a  small  fragment  of  caustic  potash,  and  its  ingredients 
ascertained. 

A  separate  portion  of  the  stony  part  of  the  meteorite  was 
examined  for  alkalies. 
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The  various  analyses  referred  to  above  gave,  omittiDg  the  nick- 

eliferous  iron : 

The  part  soluble  in  acid 58.05 

The  part  insoluble  in  acid   41.95 

Soluble  part      Insoluble  part 

Silica 41.08  56.0« 

Alumina 32  6.89 

Protoxide  of  iron   ,  . . .     18.45  15.21 

Magnesia   41.06  21.0') 

Lime .10 

Soda,  with  a  little  K  and  Li   2.97 


100.83  101.20 

The  soluble  part  consists  principally  of  olivine.  The  insoluble 
is  doubtless  the  bronzite  already  referred  to,  with  a  little  albite  or 
oligoclase. 

Chrome  iron  was  detected  by  fusing  some  of  the  stony  part  of 
the  meteorite  with  carbonate  of  soda  and  a  little  niter  and  separa- 
ting in  the  usual  way.  The  quantity  was  quite  minute.  The  com- 
position of  the  stone  as  made  out  would  be 

Nickeliferous  iron  7.00 

Magnetic  pyrites   6.10 

Bronzite,  or  hornblende 

Olivine i    ^^r. 

Albite,  or  oligoclase ^ 

Chrome  iron   : 


100.00 

Phenomena  Attending  the  Fall  op  the  Stonb. 

Mr,  J.  B.  Latimer,  of  Bladen's  Creek,  Stewart  County,  ha.- 
kindly  furnished  the  following  particulars  of  the  flight  of  the  body 
through  the  ■  air,  and  of  the  several  explosions^  which  occurred 
nearly  vertically  above  him : 

"The  morning  of  the  sixth  of  October  last  (1869)  was  qmu' 
clear,  scarcely  any  cloud  being  visible,  quite  calm ;  about  ten  a.  M- 
the  atmosphere  grew  somewhat  hazy,  no  clouds;  at  about  fifteen 
or  twenty  minutes  before  twelve  m.  a  roaring,  rushing  sound  was 
heard  in  a  northwesterly  direction,  about  80°  above  the  horizon. 
In  a  moment  or  two  it  was  almost  directly  overhead,  at  which  point 
a  loud  explosion  occurred,  followed  in  rapid  succession  by  six  other 
.  reports,  but  less  in  volume  than  the  first — making  seven  in  all. 
The  explosions  appeared  about  as  loud  as  a  twelve-pound  caunoD 
at  a  distance  of  ten  or  twelve  miles.     These  explosions  did  not 
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occur  all  at  the  same  point  in  the  heavens,  but  seemed  to  emanate 
from  some  body  moving  rapidly  to  the  southeast.  After  the  explo- 
sions a  peculiar  whirring  sound  was  heard,  apparently  produced  by 
some  large  irregular  body  moving  very  rapidly.  This  also  went  in 
a  southeasterly  direction.  This  sound  was  heard  several  seconds ; 
many  have  compared  it,  and  aptly  too,  to  an  imperfect  steam- whistle. 
I  have  no  precise  idea  of  the  time  consumed  in  all  this  demonstra- 
tion. Some  persons  say  several  minutes,  but  I  think  ten  or  fifteen 
seconds  would  about  cover  the  time. 

**As  the  larger  body  was  going  out  of  our  hearing,  some 
moments  after  the  explosions,  a  smaller  one  passed  to  the  south- 
west with  just  such  a  noise  as  is  always  produced  by  a  flying  frag- 
ment of  a  shell  after  its  explosion,  or  of  any  angular  body  cast 
violently  through  the  air.  This  piece  descended  to  the  earth,  dis- 
tinctly traced  in  its  passage  by  many  persons,  and  struck  in  the 
yard  of  Capt.  E.  Biirlow — which  point  of  contact  is,  on  an  air-line^ 
about  two  and  a  half  miles  from  a  perpendicular  beneath  where  the 
explosions  occurred.  This  is  the  only  one  known  to  have  fallen  in 
this  section. 

"The  explosions,  together  with  the  rushing  sound  afterward, 
were  heard  over  a  region  about  thirty  miles  northeast  and  south- 
west, and  fifty  or  sixty  miles  northwest  and  southeast.  No  shock 
was  felt — at  least  no  tremor  of  the  earth. 

"  Two  men  say  that  they  were  looking  in  the  exact  direction  of 
the  explosions  at  the  time  they  occurred  and  saw  a  quantity  of 
vapor,  much  like  the  volume  of  steam  escaping  from  the  pipe  of 
an  engine  at  each  successive  stroke,  which  vapor  or  mist  wa.s  vio- 
lently agitated  and  increased  in  bulk  with  each  successive  report,^ 
but  disappeared  soon  after  the  cessation  of  the  reports.  This  cor- 
roborates the  testimony  of  some  of  my  own  laborers,  who  say  that 
immediately  after  the  explosions  something  like  a  thin  cloud  cast 
its  shadow  over  the  field  they  were  in." 

Hon.  John  T.  Clarke,  of  Cuthbert,  Ga.,  who  has  interested 
himself  in  collecting  the  history  of  the  meteorite,  and  through 
whose  influence  it  has  come  into  the  possession  of  Mercer  Univer- 
sity, writes  me  the  following  particulars  of  its  fall: 

*'  It  fell  about  11.30  a.m.,  on  the  sixth  of  October  last  (1869), 
in  Stewart  County,  Georgia,  on  the  premises  of  Elbridge  Barlow, 
Esq.,  about  twelve  miles  south  of  west  from  Lumpkin.  Captain 
Barlow  picked  it  up  a  few  moments  after  it  fell.     His  account  of  it 
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is  this :  While  standing  in  the  open  yard,  the  sky  being  bright  and 
clear,  he  heard  first  a  succession  of  about  three  explosions,  resem* 
bh'ng  bursts  of  thunder  or  discharges  of  artillery,  followed  by  a 
deep  roaring  for  several  seconds,  and  then  by  a  rushing  or  whizzing 
sound  of  something  rushing  with  great  speed  through  the  air  near 
by.  The  sound  ceased  suddenly.  The  noise  from  first  to  last  was 
some  half  a  minute.  Two  negroes  were  washing  near  the  well  in 
the  same  yard,  about  sixty  yards  from  where  Barlow  stood.  They 
heard  the  noise,  and  supjwsed  it  to  be  the  falling  in  of  the  plank 
well-curbing,  banging  from  side  to  side  in  its  descent,  and  so  spoke 
of  it  to  one  another  before  it  fell.  While  they  were  speaking  tbu5 
it  struck  the  ground  about  twenty  steps  from  them,  in  full  sight, 
knocking  up  the  dirt.  They  called  Captain  Barlow,  and  showed 
him  the  spot.  It  was  upon  very  hard-trodden  ground  in  the  clean 
open  yard.  The  earth  was  freshly  loosened  up  very  fine  in  a  circle 
of  about  one  and  a  half  feet  in  diameter;  and,  upon  scraping  the 
loose  dirt  away  with  the  hands  the  st(me  was  found  about  ten  inches 
below  the  surface.  From  the  direction  in  which  the  ground  wa? 
crushed  in  it  must  have  come  from  the  northwest,  and  at  an  angle 
of  about  thirty  degrees  with  the  horizon.  The  stone  when  it  wa:^ 
picked  up  was  covered  all  over  with  the  black  shell  which  it  bear? 
now,  except  a  triangular  spot  on  one  corner,  about  one  inch  each 
way,  where  the  corner  appeared  freshly  knocked  oflT,  and  about  four 
other  spots  near  a  quarter  of  an  inch  in  diameter,  where  the  sboll 
was  slightly  knocked  off.  The  other  bruises  which  you  will  find 
upon  it  have  been  made  since  by  persons  who  have  handled  it.  To 
enable  you  to  distinguisli  the  original  breaks  upon  it  I  have  market! 
each  of  them  with  a  red  cross.  The  stone  still  has  a  strong  odor, 
which  I  will  not  undertake  to  describe.  Captain  Barlow  says  it 
snielled  stronger  when  he  first  picked  it  up,  He  does  not  remem- 
ber that  it  had  any  noticeable  heat.  It  was  not  cold,  as  a  stone 
found  so  deep  in  the  ground  should  be. 

'*The  stone  weighs  now  twelve  and  a  quarter  ounces;  about 
half  an  ounce  has  been  pecked  off  from  it.  It**?  color  within  is 
strikingly  like  very  light  granite ;  and  with  the  exceptions  above 
noted  it  is  entirely  covered  with  a  smooth,  almost  black  shell,  a 
trifle  thicker  than  common  letter-paper,  so  that  externally  it  looks 
very  much  like  a  lump  of  iron  ore.  It  is  an  irregular,  seven-sided 
figure,  its  longest  side  being  about  two  and  three  quarters  inches 
long.     If  put  into  a  spherical  form  it  would  make  a  ball  about  one 
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and  three  quarters  inches  in  diameter.  So  far  as  I  have  been  able  to 
ascertain  no  other  parts  have  been  found. 

'*  The  noise  attending  this  phenomena  is  variously  described  by 
different  persons,  and  from  different  places.  Two  intelligent  ladies, 
residing  four  miles  south  of  Lumpkin,  nearly  east  of  where  the 
stone  fell,  and  about  ten  or  twelve  miles  off,  describe  it  thus: 
While  sitting  in  the  house  they  heard,  as  it  were,  the  sound  of  a 
great  fire  suddenly  bursting  forth  from  some  confinement  into  the 
open  air.  They  rushed  out  of  doors  and  heard  the  roaring  ^ound 
continue  for  several  seconds.  They  located  the^  source  of  the  noise 
in  the  direction  of  Barlow's. 

"In  Cuthbert,  about  eighteen  miles  from  Barlow's,  nearly  south- 
eiist,  a  gentleman  engaged  in  a  workshop  heard  a  lumbering  noise, 
which  he  took  to  be  several  heavy  pieces  of  machinery  in  an  adjoin- 
ing room  falling  down  one  after  another.  On  going  in  he  found  no 
one,  and  that  he  had  mistaken  the  cause  of  the  noise.  Many  per- 
sons here  heard  sounds  like  repeated  thunder  followed  by  roaring. 
Some  say  that  they  first  heard  several  rapid,  cracking  explosions, 
like  that  of  volleys  of  small  arms,  followed  immediately  by  the 
louder  burst  of  artillery.  Most  persons  here  thought  the  noise 
came  from  the  southeast,  passed  over  the  place  in  a  northwesterly 
direction,  and  died  away  in  the  distant  northwest. 

"The  foregoing  statements  have  been  selected  from  many  in 
circulation,  showing  how  differently  the  senses  were  affected  at  dif- 
ferent points.  The  facts  are  purposely  presented  in  their  naked- 
ness. If  you  can  find  them  available  in  aid  of  a  scientific  investi- 
gation of  the  origin  of  this  phenomenon,  I  shall  have  accomplished 
more  than  I  expect." 

The  above  accounts  agree  as  to  the  main  facts :  the  point  of 
greatest  discrepancy — the  direction  of  flight.  It  is  probable  that 
the  meteorite  came  from  some  point  in  the  north  quarter;  the  state- 
ment of  Mr.  Latimer,  over  whom  it  exploded,  and  that  of  Mr. 
Barlow  as  to  the  direction  in  which  the  earth  was  penetrated,  con- 
cur in  this  regard."*  Persons  in  Cuthbert,  who  represent  it  as  com- 
ing from  the  south,  may  have  been  misled  by  an  echo,  mistaking 
this  for  the  original  sound. 
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(FELL  NOVEMBER  27,  1868.) 


Amer.  Jour.  Science,  xlix,  1870,  pp.  90-93 ;  Owwmw,  vii,  1870,  pp. 
232-234. 

Although  the  meteorite  of  Danville,  Ala.,  fell  in  November, 
1868,  and  an  analysis  has  heen  made  of  it  during  the  past  summer, 
it  is  only  recently  that  I  obtained  a  complete  account  of  the  phe- 
nomena attending  its  fall. 

On  Friday  evening,  November  27, 1868,  about  five  o'clock,  Mr. 
T.  F.  Freeman,  of  Danville  (about  lat.  34^  30'  and  long.  87^  W. 
Greenwich),  on  stepping  from  his  house,  was  startled  by  a  loud 
report,  so  much  like  artillery  that  for  the  moment  its  origin  was 
attributed  to  the  firing  of  a  small  piece  of  artillery  kept  in  the 
village ;  but  on  inquiry  it  was  ascertained  that  no  firing  bad  taken 
place  there,  but  that  the  sound  was  heard  at  the  village,  and  at- 
tributed to  very  heavy  artillery  at  Decatur,  Trinity,  Hillsboro,  or 
some  other  point  to  the  northward  of  Danville.  During  the  war 
artillery  had  been  often  heard  in  the  valley  of  the  Tennessee,  and 
various  speculations  were  indulged  in  as  to  what  was  meant  hj 
this  cannonade  at  such  a  time  of  day  and  in  such  a  direction. 

The  following  day  Mr.  Wni.  Brown,  living  three  miles  west  of 
Danville,  brought  to  the  village  a  piece  of  rock,  which  he  said  fell 
near  him  and  some  laborers  who  were  picking  cotton.  He  dug  it 
up  at  a  depth  of  about  one  and  a  half  to  two  feet.  It  weighed 
about  four  and  a  half  pounds,  and  had  the  characteristic  aspect? 
of  a  meteoric  stone.  But  it  was  broken  by  the  party  obtaining  ii> 
and  all  but  half  a  pound,  now  in  my  possession,  has  been  scattereii 
and  probably  lost  or  thrown  away. 

Several  other  stones  fell  in  the  same  vicinity.  Some  negroes 
working  in  a  cotton-field  on  the  plantation  of  Capt.  McDaniel,  half 
a  mile  from  Danville,  heard  a  body  fall  with  a  whizzing,  humming 
sound,  and  strike  the  ground  near  them  with  tremendous  force: 
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but  they  were  alarmed,  and  did  not  approach  the  spot  that  night. 
A  rain  fell  during  the  night,  and  no  trace  of  it  could  be  found  the 
next  day.  Various  other  stones  were  heard  to  fall  in  different  parts 
of  the  adjacent  country.  Two  brothers  by  the  name  of  Wallace 
were  plowing  in  their  field,  nbout  one  and  three  fourths  miles  north- 
west of  Danville.  They  distinctly  heard  two  or  three  fainter  re- 
ports after  the  first  loud  one,  and  heard  the  sound  of  two  falling 
bodies  whizzing  down,  one  to  the  right  and  the  other  to  the  left  of 
them. 

With  the  above  data,  and  the  known  geography  of  the  country, 
its  direction  must  have  been  northeast  and  southwest ;  but  it  is  im- 
possible  to  say  from  which  of  these  quarters  it  came. 

The  portion  of  the  meteorite  that  I  possess  has  a  large  portion 
of  it  covered  with  the  usual  black  crust.  Itfi  general  aspect  is 
rough  and  dull ;  a  portion  of  the  outer  surface,  not  covered  with 
the  black  coating,  is  nevertheless  a  surfiice  that  it  had  when  it 
reached  the  ground,  for  on  this  surface  are  streaks  and  little 
patches  of  a  bright,  pitchy  matter,  which  was  once  fused,  and  was 
derived  either  from  another  part  of  the  coating  that  was  thrown  off 
in  a  melted  state  from  the  coated  portion,  and  whipped  around  (as 
it  were)  on  to  the  unfused  surface  as  the  stone  fell  through  the  air, 
or  from  an  incipient  fusion  that  was  begun  on  the  denuded  surface, 
and  arrested  by  the  termination  of  the  fall.  Where  the  black  crust 
reaches  the  denuded  places  it  appears  to  be  rounded  off,  as  if  it  had 
been  melted  matter  passing  from  another  portion  of  the  stone,  and 
rolled  over  the  surface  of  the  borders. 

The  broken  surface  has  a  dark-gray  color,  and  is  somewhat 
oolitic  in  structure,  but  not  as  much  so  as  many  other  meteoric 
stones.  There  are  veins  and  patches  of  a  slate-colored  mineral 
running  through  it.  Pyrites  and  iron  are  also  to  be  seen  diffused 
through  the  stone;  thin  flakes  of  the  iron  giving  that  slickenside- 
like  appearance  to  a  fracture  not  unfrequently  seen  in  this  class  of 
bodies.  There  seems  to  be  more  of  iron  in  the  slate-colored  mineral 
than  in  the  other  parts.  There  are  a  few  patches  of  white  mineral, 
which  I  take  to  be  enstatite.  The  specific  gravity  of  the  stone  is 
3.398. 

For  further  examination  a  portion  of  the  meteorite  was  sep- 
arated mechanically  into  three  parts,  the  pyrites,  the  metallic  iion, 
and  the  earthy  minerals.  As  in  the  case  of  most  meteorites,  the 
earthy  minerals  were  so  intermixed  that  it  was  im|>ossible  to  sep- 


Digitized  by 


Google 


460  DANVILLE   (ALA.)   METEORITE. 

arate  the  different  varieties,  three  of  which  were  easily  traceable 
by  the  eye. 

The  iron,  sejmrated  with  great  care  from  the  pulverized  me- 
teorite, constitutes  3.092  per  cent  of  the  entire  mass,  and  an  anal- 
ysis furnished 

Iron 89.518 

Nickel 9.060 

Cobalt 521 

Coppor.  miiiuU*  quantity. 

l*b(Ksphorus 019 

.Sulj)hur 105 

99.208 

The  sulphide  of  iron  detached  very  carefully  from  \he  mass  of 

the  meteorite  gave 

Iron 61.11 

Sulphur 39.50 

100.67 

Which  corresponds  with  the  protosulphide  of  iron,  Fe  S.     Whether 

it  contains  any  of  the  sulphide  known  as  troilite  lam  not  prepared 

to  say. 

The  stony  minerals  were  freed  as  much  as  possible  from  irtm 

and  pyrites,  and  one  gramme  treated  with  ten  grammes  of  hydn)- 

chloric  acid  upon  a  water-bath,  and  evaporated  nearly  to  drynfer>, 

then  filtered,  and  the  filtrate  well  washed;  after  which  the  re:<idue 

in  the  filter  was  warmed  with  a  solution  of  caustic  soda,  to  dissolve 

any  silica  belonging  to  the  portion  dissolved  by  the  acid.     It  was 

then  filtered  again  and  washed.    The  result  was 

Soluble  portion 00,88 

Insoluble  portion 39.12 

The  treatment  by  a  solution  of  caustic  soda  or  potash  is  of  im- 
portance for  a  correct  result,  as  otherwise  a  portion  of  the  silica  of 
the  decomposed  minerals  will  be  estimated  w^ith  the  portion  thai 
is  undecomposed. 

The  insoluble  portion  of  it  was  analyzed ;  for,  although  the 

analysis  made  in  this  way  can  not  furnish  any  positive  indication 

in  regard  to  the  true  mineral  constitution  of  the  meteorite,  it  is 

nevertheless  an  important  guide.     It  was  found  to  consist  of 

Silica 50.08 

Alumina 4.11 

Protoxide  of  iron 19.86 

Magnesia 20.14 

Lime 8.90 

98.08 
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From  all  the  circumstances  connected  with  this  mineral,  its 
physical  characters,  etc.,  it  is  doubtless  a  pyroxene  of  the  augite 
variety. 

The  soluble  portion,  owing  to  the  unavoidable  presence  of  a 
little  iron  and  pyrites,  simply  furnished  results  on  analysis  that 
showed  it  to  be  mostly  olivine.  The  stony  matter,  as  a  whole, 
freed  as  much  as  possible  from  pyrites  and  nickeliferous  iron,  gave 

Silica 45.90 

Protoxide  of  iron 23.64 

Magnesia 26.62 

Alumina 1.73 

Lime 2.81 

Soda 61 

Potash 64 

Oxide  of  manganese,  a  minute  quantity,  not  estimated. 
Oxide  of  chrome,              "            "            "            "   ♦ 
Phosphorus,                        "            "            "            " 
Lithia — marked  reaction  with  the  spectroscope. 
Sulphur 1.01 

The  excess  in  the  footing  up  of  the  analysis  above  one  hundred 
per  cent  is  due  to  the  fact  that  a  part  of  the  iron,  estimated  as 
protoxide,  is  combined  with  sulphur,  forming  sulphide  of  iron. 

This  meteoric  stone  is  similar  in  every  respect  to  that  which 
fell,  March  28,  1859,  in  Harrison  County,  Ind.  (which  locality  I 
see  referred  to  in  catalogues  of  meteorites  as  Harrison  County, 
Ky.)  This  meteorite  is  therefore  composed  of  nickeliferous  iron, 
olivine,  pyroxene,  protosulphide  of  iron,  with  minute  quantities  of 
schreibersite,  chrome  iron,  and  probably  albite. 

In  concluding  these  observations  on  the  Danville  meteorite  I 
can  not  but  feel  more  and  more  convinced  of  the  importance  of  a 
thorough  re -examination  of  the  mineral  nature  of  the  meteoric 
stones ;  and  in  the  present  case  I  am  not  at  all  satisfied  that  the 
mineral  characteristics  are  perfectly  made  out. 
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(FELL  MAY  -21, 187L) 
MINERALOGICAL    AND    CHEMICAL    COMPOSITION. 


Amer,  Jour.  Seimce,  ii,  1871,  pp.  200,  201. 

Immediately  after  the  fall  of  this  meteoric  stone  a  portion  oi 
it  was  placed  in  my  hands  for  examination.  The  circnrnstanci? 
accompanying  its  fall,  as  well  as  its  physical  characters,  have  beeo 
described  by  Prof.  Shepard. 

It  resembles  very  closely  the  Mauerkirehen  stone  that  fell  in 
1768,  the  crust  of  the  specimens  corresponding  quite  closely  t" 
that  in  thickness  and  appearance ;  the  Mauerkirehen  stone,  bow- 
ever  has  not  well-marked  globules  like  that  of  Searsmont;  in  ib* 
respect  it  corresponds  more  nearly  with  the  Aus^un,  as  abready 
stated  by  Prof  Shepard. 

The  specific  gravity  of  the  specimen  examined  was  3.701. 
The  nickeliferous  iron  and  stony  matter  were  separated  mechan- 
ically for  analysis.     One  hundred  parts  of  the  meteorite  gave 

Stony  matter  (including  a  little  sulphuret  of  iron).     85.88 
Nickeliferous  iron 14.62 

The  iron  afforded 

Iron 90.02 

Nickel 9.05 

Cobalt .43 

Phosphorus  and  copper  were  not  estimated.  WThe  stony  l^t, 
treated  with  a  mixture  of  hydrochloric  and  nitric  acids,  gave 

Soluble  in  the  acid 62.80 

Insoluble  in  the  acid 47.70 

The  soluble  portion  afforded 

Silica 40.61 

Protoxide  of  iron 19,21 

Magnesia 86.!^ 

Sulphuret  of  iron 3  06 
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Leaving*  out  the  sulphuret,  which  is  obviously  only  a  mechan- 
ical mixture,  this  soluble  part  is  evidently  an  olivine,  which  is 
almost  invariably  the  case  with  soluble  portions  of  meteoric  stones. 
The  insoluble  part  was  composed  as  follows : 

Silica 66.26 

Protoxide  of  iron ; 18.0*2 

Alumina 2.01 

Magnesia 24.14 

Alkalies,  Na  O,  K  O,  with  trace  of  Li  0 2.10 

Chrome  iron,  small  black  specks  not  estimated. 

The  above  analyses  give  for  the  composition  of  the  stone  : 

Nickeliferous  iron 14.68 

Magnetic  pyrites 80.6 

Olivine 43.04 

Bronzite  or  hornblende,  with  a  little  albite  or  ortho- 

clase,  and  chrome  iron 39.27 

With  the  bronzite  there  may  also  be  enstatite,  which  would  be 
confounded  with  the  former  if  existing  in  the  stone. 
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METEORIC  IRONS  OF  NORTH  MEXICO: 

PRECISE  GEOGRAPHICAL  POSITION,  WITH  DESCRIPTION  OF 
A  NEW  MASS.— THE  SAN  GREGORIO  METEORITE. 


Amer.  Jour,  Science,  ii,  1871,  pp.  335-338;  Amer.  Assoc.  Proc.,  xx. 
1871,  pp.  266-270. 

Some  of  the  remarkable  masses  of  meteoric  iron  in  Nortben 
Mexico  have  been  known  to  travelers  for  a  number  of  years,  but 
no  very  precise  information  concerning  them  had  been  given  anti] 
the  year  1854,  when  the  first  mass  brought  from  that  locality  vas 
placed  at  my  disposal  by  Lieut.  Gouch,  of  the  United  States 
Army,  and  was  described  in  a  memoir  on  meteorites  published  Id 
the  American  Journal  of  Science  and  Arts,  April,  1854;  it  i> 
now  in  the  Smithsonian  Museum,  and  weighs  two  hundred  and 
fifty-two  pounds. 

On  the  return  of  Mr.  Bartlett,  of  the  Boundary  Commi^oD, 
I  learned  of  two  other  masses  in  that  region,  and  Liieut  John 
G.  Parke,  of  the  United  States  Army,  placed  a  fragment  of  on? 
of  them  in  my  possession ;  the  fragment  of  the  other  mass  was 
lost.  I  figured  and  described  both  of  these  meteorites  in  the 
memoir  just  alluded  to;  the  first,  which  I  called  the  Tucson  w- 
teorite,  is  now  in  the  Smithsonian  Institute,  and  weighs,  I  believe, 
several  thousand  pounds;  the  second  one  I  called  the  Chikuahw 
irouy  which  is  still  at  the  Hacienda  de  Goncepcion,  where  it  was 
first  found.  Still  later,  in  the  year  1868,  Dr.  H.  B.  Butcher 
placed  under  my  examination  eight  masses  of  meteoric  iron  tliat 
had  been  brought  to  the  United  States  from  the  same  region  i»f 
Mexico;  these  I  examined  and  published  a  full  account  of  in 
the  American  Journal  of  Science  and  Arts.  These  masses  an^ 
now  in  Philadelphia,  still  owned  by  Dr.  Butcher,  and  vary  in 
weight  from  about  three  hundred  to  eight  hundred  pounds.  Pr. 
Butcher  having  returned  to  Mexico,  I  requested  him  to  get  all 
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possible  information  in  regard  to  the  geographical  position  of  these 
bodies;  this  he  has  succeeded  in  accomplishing.  At  the  same 
time  he  has  sent  a  fragment  of  another  mass,  still  larger  than 
any  yet  known,  which  will  be  called  the  San  Oregorio  meteoric  iron. 
Its  description  is  as  follows : 

The  San  Gregorio  Meteorite. 

This  immense  mass  of  meteoric  iron  is  situated  on  the  western 
border  of  the  Mexican  Desert,  a  map  of  which  is  given  on  the 
next  page.  Some  idea  of  its  form  may  be  had  in  the  accom- 
panying sketch.     It  measures  six  feet  six  inches  in  its  greatest 


6fL6in.  . 


length,  is  five  feet  six  inches  high,  and  four  feet  thick  at  its  base; 
upon  one  part  of  its  surface  1821  is  cut  with  a  chisel,  and  above 
this  date  the  following  inscription:  "Solo  dios  con  un  poder  este 
fierro  destruerd,  por  que  en  d  mondo  no  habra  qaien  lo  puedo 
deschacer" 

It  lies  within  the  inclosure  of  a  hacienda,  having  been  hauled 
to  the  ranch  many  years  ago  by  the  Spaniards,  who  thought  that 
it  could  be  made  use  of  as  iron  for  farming  utensils.  It  is  said 
to  have  fallen  quite  near  its  present  site,  and  from  its  huge  bulk 
and  weight,  which  is  calculated  to  be  about  five  tons,  it  could 
not  have  been  transported  very  far.  Nothing  more  is  known  of 
its  history.  Small  specimens  were  detached  by  Dr.  Butcher,  one 
of  which  I  have  examined.  It  find  it  to  be  of  the  softer  meteoric 
irons,  with  a  specific  gravity  of  7.84.     The  fragment  I  possess  is 

30 
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too  small  for  the  study  of  the  true  character  of  its  Widmannstat- 
tian  figures.  Upon  analysis  it  furnished  the  following  composi- 
tion: 

Iron 95.01 

Nickel 4.22 

Cobalt 61 

Copper,  minute  trace. 

Phosphorus 08 

This  San  Gregorio  iron  makes  the  fifth  that  has  come  under 
my  observation  and  examination  from  this  famous  Mexican  locality, 
the  geography  of  which  I  will  now  describe,  referring  to  the  ac- 
companying diagram  for  details. 

The  Bolson  de  Mapini,  or  Mexican  Desert,  occupies  the  western 
portion  of  the  province  of  Coahuila  and  the  eastern  portion  of 
the  province  of  Chihuahua.  It  is  four  hundred  miles  from  east  to 
west,  and  five  hundred  miles  from  north  to  south,  bounded  on  the 
north  by  the  river  Rio  Grande.  Some  of  the  villages  and  hacien- 
das are  specified  in  the  diagram,  and  the  numbers  1,  2,  3,  etc.,  are 
the  localities  of  the  different  meteoric  masses  discovered. 


DURANG O 


No.  1 — The  locality  of  the  Coahuila  meteorite,  described  by 
me  in  the  American  Journal  of  Science  and  Arts,  April,  1854;  it 
is  now  in  the  Smithsonian  Institution. 

No.  2 — The  locality  of  the  Coahuila  meteorite  of  1868,  de- 
scribed by  me  in  the  American  Journal  of  Science  and  Arts, 
April,  1870;  it  is  now  in  the  possession  of  Dr.  Butcher. 
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No.  3 — The  locality  of  the  San  Gregorio  meteorite  just  de- 
scribed ;  it  is  still  in  the  place  where  it  was  first  observed. 

No.  4 — The  locality  of  the  mass  described  and  figured  in  my 
memoir  on  meteorites  (Amer.  Journal  of  Science  and  Arts,  April, 
1854),  and  called  the  ChUmahua  meteorite;  it  is  still  in  place  at  the 
Hacienda  dc  Concepcion,  ten  miles  from  Zapata,  its  greatest  height 
being  forty-six  inches,  breadth  thirty-seven,  and  in  the  thickest 
part  eight  feet  three  inches  in  circumference.  Signer  Urquida  cal- 
culated its  weight  to  be  about  four  thousand  pounds. 

No.  5 — The  locality  of  a  huge  meteorite  lately  discovered,  of 
which  no  specimen  has  yet  been  detached,  and  is  said  to  be  larger 
than  any  one  yet  found  in  that  locality. 

No.  6 — The  locality  of  the  large  mass  described  and  figured  by 
me  in  1854  as  the  Tucson  iron,  and  now  in  the  Smithsonian  Institu- 
tion at  Washington,  having  a  large  hole  in  the  center,  and  some- 
times called  the  Signet  meteorite,  aho  the  Ainsa  meteorite,  I  do  not 
know  its  exact  weight,  but  suppose  that  it  must  weigh  two  or  three 
thousand  pounds. 

The  question  naturally  arises,  what  can  be  the  cause  of  the 
number  of  meteoric  masses  in  the  circumscribed  region,  and 
whether  each  one  represents  a  separate  fall  ?  My  study  of  them 
leads  me  to  the  belief  that  they  are  the  products  of  two  falls. 
First  of  all.  No.  6,  the  Signet  or  Ainsa  meteorite,  has  peculiar 
physical  and  chemical  characters  that  separate  it  entirely  from  the 
others-  Nos.  1,  2,  and  3  I  have  examined  chemically,  and  find 
them  very  closely  allied  in  composition,  also  in  physical  properties, 
as  the  softness  of  the  iron  and  freedom  from  rusty  crusts  over  the 
exterior;  in  fact,  the  pieces  I  have  examined  were  more  or  less 
bright  on  the  exterior  surface.  The  Widmannstattian  figures  I 
have  not  had  an  opportunity  to  compare  since ;  with  the  exception 
of  No.  1, 1  have  had  only  small  pieces  that  were  detached  from  the 
surface  by  a  coldchbel,  which  are  unfit  for  the  study  of  these 
figures.  Thus  far  in  my  investigation  there  appear  strong  reasons 
for  supposing  that  at  some  epoch,  probably  far  remote,  the  mete- 
oric masses  1,  2,  3,  4,  and  5  were  the  products  of  the  fall  of  one 
meteoric  mass,  moving  from  the  northeast  to  the  southwest,  the 
smaller  masses  falling  first  at  1  and  2,  and  the  larger  masses  fur- 
ther on.  The  distances  of  these  bodies  from  each  other  are,  from 
Nos.  1  to  2,  about  eighty-five  miles ;  from  2  to  5,  about  one  hun- 
dred and  thirty-five  miles ;  from  5  to  3,  about  one  hundred  and 


Digitized  by 


Google 


468  METEOMC  IRONS  OP  NORTH  AlEXICO. 

sixty-five  miles ;  from  3  to  4,  about  ninety  miles.  Of  course  there 
is  no  great  stress  laid  upon  these  deductions,  but  it  would  not  be 
surprising  if  farther  investigation  should  sustain  this  view. 

Since  my  first  publication  on  tliese  meteorites,  Burckhardt,  of 
Bonn,  has  made  some  observations  on  them,  but  his  publications 
are  not  within  my  reach  at  the  present  time. 
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(FELL  IN  SOUTH  AFRICA  IN  1862.) 
WITH  SOME  NOTES  ON  CHLADNITE  OR  ENSTATITE. 


Amer.  Jour,  Science,  y^  1873,  pp.  107-110;    Compt.  Rend.,  1,  xxvi, 
1873,  pp.  294-297. 

The  Victoria  meteoric  iron,  although  found  about  ten  years 
since,  has  never  been  described ;  and  yet  it  is  one  of  the  most  inter- 
esting of  this  class  of  meteorites.  I  have  succeeded  in  collecting 
the  following  facts  in  connection  with  it.  It  was  seen  to  fall  in  the 
year  1862  by  a  Dutch  farmer  in  Victoria  West,  Cape  Colony,  South 
Africa,  and  was  given  by  him  to  Mr.  Auret,  the  civil  commissioner 
of  that  district,  who  presented  it  to  the  South  African  Museum  at 
Cape  Town, 


Although  it  is  an  iron  that  has  a  tendency  to  decompose  rapidly, 
it  has  not  undergone  the  decomposition  that  would  have  inevitably 
taken  place  had  it  long  remained  exposed  to  atmospheric  influences. 
This  fact  coupled  with  another,  that  the  farmer  could  have  no 
object  to  deceive  any  one  with  reference  to  a  body  which  certainly 
bears  evidence  that  it  fell  at  some  time  from  the  heavens,  and  as 
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those  who  know  the  farmer  have  every  confidence  in  his  statement, 
we  are  led  to  conclude  that  it  is  to  be  placed  along  side  of  the 
Agram,  Braunau,  and  Dickson  County  irons.  The  mass  was  pear- 
shaped,  and  weighed  about  six  pounds  eight  ounces.  One  end  was 
smooth  and  rounded;  the  smaller  end  was  jagged,  as  if  torn  or 
parted  from  a  larger  meteorite. 

A  small  fragment  of  it  was  first  brought  to  Europe  in  1868,  by 
which  its  true  meteoric  character  was  established.  In  1870  the 
trustees  of  the  South  African  Museum  had  it  cut,  retaining  one 
half  of  it,  and  sending  specimens  to  the  British,  Calcutta, Vienna, 
and  Berlin  museums;  also  to  Mr.  Nevill,  of  Godalming;  and  a 
mass  weighing  about  twelve  ounces  to  myself. 

Prom  the  specimen  in  my  possession  I  here  describe  its  char- 
.  acteristics.  The  iron  is  compact,  with  a  tendency  to  fissure  near 
some  portions  of  its  surface.  The  amount  of  oxide  on  the  surfiice 
is  small,  the  cut  surfaces  showing  bright  metal  quite  up  to  the 
exterior  surface.  The  Widmannstattian  figures  developed  are  of 
that  class  where  the  lines  are  delicate  and  straight,  inclined  at  a 
considerable  angle  to  each  other,  a  form  I  have  seen  common  to 
irons  rich  in  schreibersite.  This  last  mineral  is  diffused  through 
the  iron  in  masses  with  absolutely  straight  boundaries,  some  of 
them  five  eighths  to  three  fourths  of  an  inch  long,  by  one  eighth  of 
an  inch  broad  (1  and  2  on  figure),  and  others  much  longer  (6)  and 
narrower ;  others  again  triangular  (5)  and  arrow-shaped ;  and  on 
my  specimen  a  layer  of  it  (3)  coating  an  oval  cavity  that  must 
have  ):>een  an  inch  and  a  half  in  its  longest  and  one  inch  in  its 
shortest  diameter,  the  schreiber^^ite  haying  a  thickness  of  about  one 
twentieth  of  an  inch ;  the  rest  of  this  cavity  being  filled  by  pyrites 
(this  is  distinctly  seen  in  the  photograph).  My  specimen  shows 
one  fourth  of  this  cavity,  and  there  are  doubtless  others  in  the 
original  mass.  The  specific  gravity  is  7.692.  On  analysis  it  was 
found  to  contain 

Iron 88.88 

Nickel 10.14 

Cobalt 53 

(Copper,  minute  quantity. 

Phosphorus 28 

99.78 
Enstatite  OR  Chladnite. 

This  mineral  now  occupies  so  important  a  relation  to  the  mineral 
constitution  of  meteoric  stones  that  it  is  well  to  give  an  account 
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of  its  discovery,  and  the  subsequent  investigations  of  different 
observers.  Its  discovery  is  beyond  doubt  due  to  Professor  C.  U. 
Bhepard,  who  first  described  it  in  the  American  Journal  of  Science, 
September,  1846,  p.  381,  calling  it  chladnite. 

It  constituted  nearly  the  entire  mass  of  the  Bishopville  me- 
teorite that  fell  in  1843.  Professor  Shepard  did  not  make  out  its 
composition  correctly,  his  analysis  being  imperfect.  The  composi- 
tion given  by  him  was 

Silica 70.41  8  of  oxygen. 

Magnesia   28.25  1 

Soda 1.39 

Making  it  out  to  be  a  tersilicate  of  magnesia.  Although  the 
constitution  was  incorrectly  determined,  Professor  Shepard  clearly 
showed  that  it  differed  in  character  from  any  then  known  mineral. 
Eight  years  after  the  mineral  was  first  made  known,  a  small 
fragment  of  the  meteorite  coming  into  my  possession,  a  re-examinar 
tion  was  made  of  its  chemical  constitution,  and  the  errors  of  the 
first  analysis  discovered.  But  not  having  enough  of  the  meteorite 
for  analysis,  the  simple  statement  was  presented  to  the  American 
Association  for  the  Advancement  of  Science,  in  April,  1854,  ''that 
from  some  investigations  just  made  chladnite  is  likely  to  prove  to 
be  a  pyroxene."  This  was  noticed  in  the  proceedings  of  the  Asso- 
ciation for  that  year,  and  referred  to  in  the  American  Journal  of 
Science,  March,  1855,  p.  162.  Ten  years  later  a  specimen  of  the 
Bishopville  meteorite  of  good  size  being  placed  at  my  disposal,  the 
mineral  was  separated  in  a  very  pure  state,  and  found  to  be  com- 
pcsed  as  follows : 

Silica    59.97 

Magnesia 39.88 

Peroxide  of  iron 40 

Soda,  with  feeble  potash  and  H 74 

100.44 
This  minute  quantity  of  peroxide  of  iron  came  from  a  little 
metallic  iron  that  was  present.  The  analysis  afforded  the  oxygen 
ratio  2:1,  corresponding  to  the  formula  Mg3,  Si=  (or  SgSi),  corre- 
sponding to  the  general  formula  of  pyroxene.  The  details  of  the 
examination  then  made  are  to  be  found  in  the  American  Journal  of 
Science,  September,  1864,  where  it  is  further  stated  that  chladnite 
approaches  those  forms  of  pyroxene  known  as  white  augite,  diop- 
side,  white  coccolite,  etc.,  these  last-named  minerals  having  part  of 
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the  magnesia  replaced  by  lime.     It  is  identical  with  the  enstatite  of 
Kenngott,  a  pyroxenic  mineral  from  Aloysthal  in  Moravia. 

From  these  observations  it  will  be  seen  that  the  Bishop ville 
meteoric  stone,  however  different  in  external  characteristics  from 
other  similar  bodies,  is  after  all  identical  with  the  great  family  of 
pyroxenic  meteoric  stones. 

Enstatite. 

This  form  of  pyroxene  was  first  noticed  by  Kenngott  as  a  new 
species,  in  a  communication  made  by  him  to  the  Vienna  Academy  in 
1855  (see  Vienna  Academy,  Berlin,  xvi,  p.  162;  Jahresbericht  for 
1855,  p.  928).     Its  composition  there  given  is 

Silica    57.09 

Alumina  and  oxide  iron 5.13 

Magnesia 35.85 

Water    1.92 

99.99 
As  the  crystallographic  character  of  this  mineral  entitles  it  to 
separation  from  pyroxene,  or,  in  other  words,  as  it  is  entitled  to 
be  ranked  as  a  new  species,  the  prior  right  of  discovery  belongs  to 
Professor  Shepard,  and  the  name  first  given  by  him,  chladnite,  has 
the  priority ;  but  as  it  has  for  so  long  time  borne  the  name  of  enstat- 
ite among  mineralogists,  any  attempt  to  change  it  would  only  bring 
confusion.  This  is  the  more  to  be  regretted  since  the  name  of 
chladni  would  be  a  most  appropriate  affix  to  a  mineral,  the  true 
and  pure  type  of  which  is  so  pre-eminently  that  in  meteorites. 

In  this  connection  I  would  refer  to  the  simple  chemical  relation 
of  three  of  the  most  characteristic  minerals  of  meteoric  stones; 
these  minerals  forming  at  least  ninety  per  cent  of  the  earthy  min- 
erals in  the  aggregate  mass  of  all  meteoric  stones.  The  three 
minerals  are : 

Enstatite,     ft  Si     fig         Si  Chrysolite,  ftaSi  (Mg  fe)  Si 

Bronzite,     R  ^[   (Mg  i'e)  Si 

In  these  minerals  the  protoxide  of  iron  replaces  but  a  small  portion 
of  the  magnesia  in  the  hist  two ;  so  they  are  virtually  silicates  of 
magnesia,  containing  one  or  two  atoms  of  silica  with  one  atom  of 
magnesia. 
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WITH  SOME   REMARKS   ON   THE   MOLECULAR   STRUCTUKB 

OP  METEORIC  IRON,  AND  A  NOTICE  CONCERNING 

THE  PRESENCE  OP  SOLID  PROTOCHLORIDE 

OF   IRON   IN   METEORITES. 


Amer.  Jour.  Science,  vii,  1874,  pp.  391-395 ;   Anntial  Rec.  Sd.  and 
Indmt.,  1874,  pp.  219,  220. 

The  mass  of  meteoric  iron  described  below  possesses  peculiar 
interest  from  the  fact  that  it  was  not  found  on  the  surface  of  the 
ground,  but  beneath  the  soil,  although  not  to  any  very  great 
depth.  In  1862  a  farmer,  Mr.  E.  Freeman,  while  excavating  a 
ditch  in  Howard  County,  Indiana,  struck,  at  a  depth  of  nearly 
two  feet,  a  hard  mass  that  attracted  his  attention ;  and  owing  to 
its  unusual  weight  he  preserved  it.  The  earth  penetrated  con- 
sisted of  stiff  clay  beneath  four  inches  of  black  soil,  so  that  the 
mass  was  imbedded  in  the  clay.  This  clay  was  colored  by  oxide 
of  iron  arising  from  a  slight  decomposition  of  the  surface  of  the 
meteorite,  the  iron  being  one  of  those  that  decomposes  but  slightly 
from  atmospheric  agencies.  This  meteorite  was  lost  sight  of  for 
a  number  of  years,  having  fallen  into  the  hands  of  those  not 
interested  in  matter.^  of  natural  history,  and  only  recently  was 
sent  to  me  for  examination. 

The  form  of  the  meteorite  is  an  irregular  elongated  oval,  and 
it  has  the  indentations  of  the  surface  found  on  most  meteoric  irons. 
Its  weight  is  four  kilogrammes.  The  alteration  at  surface  is  very 
slight,  considering  the  length  of  time  it  must  have  remained  be- 
neath the  surface  of  the  soil,  and  fresh  cut  surfaces  retain  per- 
fectly their  brightness.     The  specific  gravity  is  7.821. 

The  composition  of  the  meteorite  is  as  follows : 

Iron 87.02 

Nickel 12.29 

Cobalt 66 

Phosphorus 02 

Copper trace 
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A  polished  surface,  when  treated  with  nitric  acid  or  bromine 
water,  does  not  give  the  slightest  indication  of  Widmannstattian 
figures  so  characteristic  of  most  meteoric  irons.  It  hence  belongs 
to  that  class  of  irons  which  are  rich  in  nickel  and  yet  give  no  signs 
of  such  figures,  to  which  belong  the  Cape  of  Good  Hope  iron  of 
1793,  containing  15  per  cent  of  nickel  and  2.5  per  cent  of  cobalt, 
and  also  a  more  recent  California  iron  called  the  Shingle  Springs 
iron,  containing  17  per  cent  of  nickel  and  .6  of  cobalt.  Of  the 
same  kind  is  the  Octibbeha  meteorite,  containing  the  very  large 
amount  of  59.7  per  cent  of  nickel.  Besides  the  above,  there  are 
certain  irons  containing  much  less  nickel  that  are  also  without 
these  figures,  as  the  Nelson  County,  Braunau,  etc. 

The  phenomena  of  the  so-called  Widmannstattian  figures  in 
connection  with  meteoric  irons  is  one  of  considerable  interest,  and 
as  yet  escapes  a  satisfactory  explanation.  At  one  time  it  was  sup- 
posed to  arise  from  the  accumulation  in  the  lines  of  the  figures 
of  an  alloy  richer  in  nickel  than  the  mass  of  the  iron.  Then, 
again,  it  has  been  supposed  to  arise  from  the  accumulation  of  a 
phosphide  of  nickel  and  iron  (schreibersite)  along  certain  lines  of 
crystallization  in  the  mass.  But  neither  of  these  hypotheses  serves 
to  explain  the  varied  features  of  these  figures,  or  the  total  absence 
of  them  as  in  the  present  instance.  My  own  conviction  is,  that 
we  shall  not  arrive  at  a  satisfactory  explanation  until  our  knowl- 
edge of  the  efiect  of  a  minute  quantity  of  foreign  substances  in 
the  iron  is  better  understood  than  now ;  a  subject  which  both  pure 
and  technical  chemistry  are  now  studying  with  great  interest,  in 
order  to  discover  how  far  those  substances  usually  called  impuri- 
ties in  iron  are  to  be  regarded  as  hurtful.  The  tendency  of  the 
investigations  at  the  present  time  is  to  show  that  these  supposed 
impurities  may  all  play  an  important  part  in  useful  modifications 
of  iron,  when  present  even  in  very  minute  quantities;  and  I  would 
state,  as  the  result  of  my  observation  (and  one  bearing  upon  the 
present  question),  that  one  per  cent  or  less  of  phosphorus  so  far 
modifies  cast  iron  that  it  will  resist  the  action  of  concentrated 
sulphuric  acid  to  a  greater  degree  than  when  entirely  free  from 
phosphorus.  This  fact  explains  why  it  is  that  those  who  sjeparate 
silver  and  gold  by  what  is  known  as  the  sulphuric-acid  proce®, 
have  to  make  trial  of  many  descriptions  of  cast  iron  before  they 
can  get  one  well  adapted  to  their  purpose ;  some  cast-iron  vessels 
being  destroyed  in  a  few  weeks,  while  others  will  last  for  years. 
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It  is  true  also  that,  beaides  any  chemical  property  which  the  trace 
of  phosphorus  may  impart,  it  modifies  to  a  certain  extent  the 
physical  properties,  imparting  to  the  iron  more  fluidity  when  in  a 
melted  state,  and  furnishing  more  compact  castings.  My  present 
conviction  in  regard  to  the  Widmannstattian  figures  is  that,  in  the 
consolidation  and  crystallization  of  the  iron,  as  in  the  crystalliza- 
tion of  all  other  substances  containing  impurities,  there  is  a  ten- 
dency to  eliminate  the  foreign  constituents  to  the  exterior  portion 
of  the  crystals;  and  where  the  mass  becomes  a  conglomeration  of 
crystals,  it  is  between  the  crystals  and  contiguous  to  their  surfaces 
that  we  shall  find  the  great  part  of  the  foreign  constituents,  mixed 
with  more  or  less  of  the  predominating  materials.  In  the  case  of 
iron  we  often  see  this  in  a  very  marked  degree ;  as,  for  instance, 
where  a  blast-furnace  has  been  chilled,  and  the  accumulated  iron 
at  the  bottom  passes  slowly  from  a  plastic  to  a  solid  condition, 
there  the  iron  will  be  found  in  large  crystals  containing  a  very 
much  smaller  amount  of  carbon  than  in  that  usually  produced  by 
the  furnace,  the  carbon  having  been  eliminated  in  the  form  of 
flakes  of  graphite  between  the  crystals. 

To  apply  this  reasoning  to  meteoric  irons  (which,  according  to 
experiments  made  by  me  in  1852  on  eighty  specimens,  and  verified 
by  all  my  subsequent  analyses,  always  contain  phosphorus),  it 
might  be  safely  premised  that,  should  the  iron  be  consolidated 
rapidly,  we  might  expect  such  a  diffusion  of  the  phosphorus  as  to 
give  no  marked  indications  in  any  parts  of  the  mass.  If,  however, 
the  iron  has  passed  slowly  from  the  plastic  to  the  solid  condition, 
we  might  expect  a  more  or  less  perfect  elimination  of  the  phos- 
phorus in  certain  parts  representing  the  spaces  between  the  crys- 
tals of  the  mass.  It  must  not  be  supposed  that  its  complete  elim- 
ination always  takes  place  in  the  form  of  a  definite  compound  of 
phosphoriLs  and  iron,  but  that  the  portions  of  the  iron  forming  the 
limits  of  the  crystals  become  more  richly  charged  with  phosphorus, 
from  the  center  to  the  circumference  of  the  crystals,  during  the 
slow  consolidation  of  the  latter.  The  result  of  this  phenomenon 
would  be  to  destroy  the  homogeneous  character  of  the  mass,  and 
consequently  to  render  its  different  parts  variously  susceptible  to 
the  action  of  chemical  agents.  Thus,  an  acid  would  act  in  one 
part  on  the  iron  more  readily  than  in  another,  affecting  the  least 
that  part  containing  most  phosphorus,  even  though  this  last  ele- 
ment should  be  in  very  minute  quantity,  and  so  producing  that 
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mottled  surface  in  the  lines  of  crystallization  known  as  the  Wid- 
manstattian  figures. 

Of  all  examples  of  the  separation  of  substances  in  the  forma- 
tion of  natural  compounds,  there  are  none  comparable  to  those  ex- 
hibited by  meteoric  irons,  in  which  elements  having  a  most  remark- 
able aJffinity  for  each  other  are  separated  the  one  from  the  other  by 
the  sharpest  possible  lines.  Of  course,  I  do  not  mean  by  this  that 
the  sulphur,  phosphorus,  and  iron  of  a  meteorite  are  completely- 
separated  the  one  from  the  other,  but  that  a  small  portion  of  the 
iron  will  combine  with  nearly  all  the  sulphur  and  phosphorus  of 
the  entire  mass,  segregating  in  clear  and  distinct  nodules,  and  in  a 
manner  that  it  would  be  vain  for  us  to  attempt  to  produce  artifi- 
cially. 

One  of  the  most  remarkable  forms  of  this  segregation  is  where 
the  sulphur  and  phosphorus  compounds  are  eliminated  into  the 
same  cavity,  as  was  first  shown  by  me  in  1852.  I  have  in  my 
possession  (and  the  same  may  be  found  in  other  cabinets)  several 
examples  of  this.  The  last  one  which  has  come  to  my  notice  is 
that  of  tlie  iron  which  fell  in  South  Africa  in  1862,  and  which  I 
described  in  a  recent  number  of  this  journal.  In  this  iron  there  is 
an  oval  cavity,  two  and  a  half  centimetres  in  its  long  diameter ;  at 
the  center  is  troilite  (sulphide  of  iron),  filling  the  cavity  to  within 
one  or  two  millimetres  of  the  surface;  and  between  the  exterior 
surface  of  the  troilite  and  the  inner  surface  of  the  cavity  is  a  thin 
layer  of  schreibersite  (a  phosphuret  of  iron  and  nickel  of  definite 
composition — Ni*Fe*P),  with  hardly  a  trace  of  sulphur.  In  other 
places  in  the  iron  we  find  laminie  of  this  same  phosphuret  of 
greater  or  less  thickness;  nodules  of  troilite  are  also  frequently 
found  entirely  alone.  But,  it  may  be  asked,  what  of  the  iron 
which  contained  this  large  amount  of  phosphorus  and  sulphur  dis- 
seminated through  the  mass?  Now  in  the  iron  proper  there  is  to 
be  found  only  a  trace.  In  the  Tazewell  iron,  for  instance,  which 
furnished  me  several  of  these  compound  nodules,  there  is  but  .016 
per  cent  of  phosphorus,  and  in  the  Arva  iron,  filled  with  layers  of 
schreibersite,  the  iron  itself  has  remaining  in  the  mass  only  .019  of 
one  per  cent ;  and  it  seems  to  me  impossible  to  explain  such  perfect 
elimination  of  phosphorus  and  sulphur,  substances  having  so  strong 
an  affinity,  except  by  supposing  a  long  plastic  condition  and  slow 
consolidation  of  the  mass. 

It  is  almost  needless  for  me  to  say  that  geologists  and  mineral- 


Digitized  by 


Google 


METEORIC  mON  OF  HOWARD  COUNTY,  IND.        47T 

ogists  have  noticed  this  process  of  segregation  in  a  vast  number  of 
cases.  In  fact,  it  is  one  of  those  processes  which  assist  in  a  con- 
spicuous manner  in  the  formation  and  separation  of  rocks  and  min- 
erals; and  I  only  give  to  it  greater  prominence  here  from  the  fact 
of  the  great  affinity  of  the  substances  taking  part  in  the  production 
of  this  phenomenon  in  meteoric  irons.  These  views  are  put  forth, 
not  so  much  to  give  expression  to  positive  conclusions  on  this  sub- 
ject, but  rather  to  give  a  proper  direction  to  the  method  of  study- 
ing this  question. 

Solid  protodiloride  of  iron  in  meteorites, — In  1852  I  detected  for 
the  first  time  small  particles  of  solid  protochloride  of  iron  in  the 
Tazewell  iron ;  for,  although  the  exudation  of  a  deliquescent  salt 
has  been  frequently  observed  on  the  surface  of  these  irons,  it  has 
always  been  found  due  to  a  liquid  perchloride,  and  its  exact  source 
in  the  iron  has  never  been  traced,  so  that  many  have  supposed  that 
this  perchloride  was  of  terrestrial  origin.  But  the  discovery  of  the 
solid  protochloride  in  the  interior  of  the  mass  was  suflScient  to 
establish  beyond  doubt  that  the  chloride  formed  a  part  of  the 
original  mass  of  meteorites.  Since  that  time,  no  mention  has  been 
made  of  a  further  discovery  of  this  protochloride ;  and  it  is  only 
within  a  few  months  that  I  found  it  a  second  time,  in  the  meteoric 
iron  from  Rockingham  County,  North  Carolina.  It  was  in  the 
form  of  a  small  green  mass.  After  removing  it  from  the  interior 
of  the  iron,  a  small  portion  of  it  was  used  for  a  qualitative  analysis, 
and  the  remainder  placed  in  the  hands  of  Prof  Daubr6e,  of  the 
School  of  Mines  at  Paris.  With  these  remarks  I  conclude  all  that 
I  have  to  say  in  this  chapter  on  the  chemical  study  of  this  interest- 
ing class  of  bodies,  which  link  the  earth  to  distant  cosmical  bodies. 
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METEORITE. 

(FELL  IN  MAY,  1874.) 

Amer,  Jour.  Science,  x,  1875,  pp.  147,  148;  Compt,  Rend.y  Ixxx, 
1875,  pp.  1453,  1454. 

The  meteorite  of  Nash  County,  North  Carolina,  fell  May  14, 
1874,  at  2;30  o'clock  p.m.,  near  Castalia,  in  lat.  36°  11'.  long.  77° 
50'.  Its  fall  was  accompanied  with  the  successive  explosions  com- 
mon in  such  cases,  and  with  rumbling  noises  that  lasted  about 
four  minutes,  not  unlike  the  discharge  of  firearms  in  a  battle  a 
few  miles  off. 

The  stones  that  fell  must  have  exceeded  a  dozen  or  more ;  three 
only  have  been  found,  and  they  give  evidence  that  the  territory 
over  which  the  fragments  fell  was  ten  miles  long  by  over  three 
miles  wide.  Although  occurring  in  the  day,  the  body  appeared 
luminous  to  some  observers.  The  three  stones  found  weighed  re- 
spectively 1  kilogramme,  800  grammes,  and  5 J  kilogrammes.  The 
second  was  the  fragment  of  one  broken  by  the  fall.  Several  frag- 
ments have  come  under  my  observation,  from  which  I  am  enabled 
to  give  the  following  description. 

They  are  of  the  more  common  aspect.  They  have  a  dull  ex- 
terior coating,  which  in  some  places  does  not  entirely  cover  the 
stones,  there  being  a  few  spots  of  the  fractured  surface,  less  than 
a  centimetre  in  diameter,  over  which  the  fused  matter  forming  the 
coating  is  scattered  in  the  form  of  pear-shaped  beads.  In  one  or 
two  crevices,  below  the  surface,  some  of  the  fused  matter  of  the 
coating  has  penetrated  five  millimetres  below  the  surface,  and  here 
it  is  more  brilliant  than  on  the  surface. 

The  interior  in  many  parts  is  of  a  dark  gray  color,  and  in  other 
parts  quite  light.  The  principal  cause  of  the  dark  color  is  doubt- 
less owing  to  the  larger  amount  of  nickeliferous  iron  in  that  part, 
and  in  the  lighter  portion  there  are  some  white  spots  of  a  mineral 
that  is  doubtless  enstatite. 


Digitized  by 


Google 


DESCRIPTION  OF  THE  NASH  COUNTY  METEORITE.  479 

The  specific  gravity  of  the  stone  is  2.601.     Its  composition  is 
as  follows : 

Per  cent 

Nickeliferous  iron 15.21 

Stony  minerals 84.79 

The  nickeliferous  iron  consists  of 

Iron 92.12 

Nickel 6.20 

Cobalt 41 

98.73 
Copper  and  phosphorus  not  estimated. 

The  stony  part,  when  treated  with  a  mixture  of  chlorhydric 
and  nitric  acid,  gave 

Insoluble  part 47.02 

Soluble  part 62.98 

The  former  was  found  to  be  composed  as  follows : 

Silica 62.61 

Alumina 4.80 

Protoxide  of  iron 18.21 

Magnesia 27.81 

Alkalies  (soda  with  traces  of  potash  and  lithia)  ...  1.88 

99.31 
and  is  essentially  bronzite.    The  soluble  portion  gave 

Silica 38.01 

Protoxide  of  iron 17.61 

Magnesia 41.27 

Alumina 46 

Sulphur 1.01 

98.26 
This  is  evidently  olivine,  with  a  small  amount  of  sulphide  of 
iron,  which  is  so  disseminated  through  the  stone  that  it  is  not 
easily  separated  completely  by  mechanical  means.  From  the  min- 
eralogical  examination  and  the  chemical  results  detailed  above,  this 
meteoric  stone  consists  essentially  of  nickeliferous  iron,  bronzite, 
and  olivine,  with  small  particles  of  anorthite  and  enstatite.  Its 
composition  is,  therefore,  a  usual  one. 

For  particulars  in  regard  to  the  fall  of  this  meteorite  I  am 
indebted  to  Prof,  Kerr,  State  Geologist  of  North  Carolina. 
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OF  IRON  AS  PREPARED  FROM 

METEORIC   IRON. 


Amer.  Chemist,  v,  1875,  pp.  356-358 ;  Chem.  News,  xxxi,  1875,  pp. 
210-212;  Gompt  Rend.,  Ixxx,  1875,  pp.  301-304. 

In  my  studies  connected  with  the  physical,  chemical,  and  min- 
eral characteristics  of  meteorites,  several  points  of  more  or  less 
importance  have  been  observed,  which  have  as  yet  formed  no  part 
of  my  published  observations  on  this  class  of  bodies.  One  of  these 
observations  is,  that  the  sesquioxide  of  iron,  obtained  in  the  result 
of  the  analysis  of  meteoric  irons,  is  always  decidedly  affected  by 
the  magnet,  although  the  temperature  to  which  it  may  be  heated 
prior  to  final  weighing  be  but  a  moderate  red-heat,  only  sufficient 
to  furnish  a  certain  constant  weight.  This  phenomenon  was  at  first 
attributed  to  small  particles  of  organic  matter  from  the  filter,  that 
may  have  caused  the  reduction  of  a  minute  portion  of  the  sesqui- 
oxide to  a  lower  oxidation.  Still  later  I  was  led  to  suspect  the 
presence  of  some  new  magnetic  metal — a  metal,  however,  closely 
allied  to  iron  (other  than  cobalt  and  nickel,  as  the  oxides  of 
neither  of  these  metals  are  attracted  by  the  magnet,  whether  ob- 
tained from  mfeteoric  iron  or  from  any  other  source). 

Experiments  were  undertaken  to  discover  such  metal,  if  any 
existed,  but  without  success,  and  there  the  matter  rested  with  me 
for  several  years  and  until  I  commenced  the  study  of  the  Ovifak 
iron,  on  which  I  am  now  engaged  in  developing  such  &ct8  con- 
nected with  it  as  convince  me  that  it  is  of  terrestrial  and  not 
celestial  origin,  the  results  of  which  investigation  I  hope  before 
long  to  submit  to  the  Academy. 

The  observation  in  connection  with  the  sesquioxide  of  iron 
resulting  from  meteoric  irons  was  applied  to  that  from  the  Ovifak 
iron,  and  it  was  also  found  to  be  attracted  by  the  magnet     This 
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anomaly  showing  itself  in  two  irons  thut  I  supposed  to  be  of  dif- 
ferent origins,  it  was  resolved  to  make  a  critical  investigation  of 
the  sesquioxide  of  iron  obtained  from  both  celestial  and  terrestrial 
sources ;  and  if  what  follows  appears  too  much  in  detail  for  the 
examination  of  so  simple  an  observation,  it  was,  nevertheless, 
necessary  in  order  to  eliminate,  as  far  as  possible,  sources  of  error 
and  to  arrive  at  correct  results. 

Materials,  etc..  Used  in  the  Experiments. 

The  irons  experimented  with  were  dissolved  in  a  large  excess 
of  a  mixture  of  equal  parts  of  chlorhydric  and  nitric  acids.  The 
filters  used  were  old  cotton  cloth  (perfectly  free  from  lint)  stretched 
over  a  funnel,  and  the  quantity  of  iron  used  did  not  exceed  one 
gramme;  the  filtration  was  rapid,  and  the  washing  very  easy  and 
thorough.  Other  filtra'tions  were  made  in  funnels,  the  necks  of 
which  were  plugged  with  asbestos. 

The  heating  was  conducted  in  thin,  glazed  porcelain  crucibles 
of  about  40  cubic  centimetres  capacity,  and  the  heat  applied  by 
a  small  Bunsen  burner  of  5  cubic  feet  capacity  per  hour,  the  top 
of  the  fiame  spreading  over  the  bottom  and  one  half  of  the  sides 
of  the  crucible,  thus  heating  t6  redness  two  or  three  decigrammes 
very  readily,  the  amount  usually  employed. 

As  for  the  magnet  used  I  would  state  that,  as  sesquioxide  of 
iron  in  a  strict  sense  ranks  among  the  magnetic  compounds,  yet 
this  is  only  true  when  very  powerful  magnets  are  brought  to  bear 
upon  it ;  so  the  magnet  used  in  all  the  experiments  was  a  feeble 
one — a  small  horseshoe-magnet  capable  of  sustaining  about  200 
grammes  when  the  two  poles  were  connected,  and,  when  used,  one 
of  the  angles  of  one  of  the  poles  was  brought  near  the  particles 
of  oxide  experimented  with. 

First  Series  of  Experiments  Made  with  Pure  Sesqui- 
oxide OF  Iron. 

The  first  sesquioxide  used  was  prepared  from  the  purest  commer- 
cial iron,  dissolved  in  equal  parts  of  chlorhydric  and  nitric  acid, 
diluted,  filtered,  and  precipitated  by  an  excess  of  ammonia  after 
filtration. 

1.  Dried  at  110°  C,  crushed  to  fine  particles,  but  not  pulver- 
ized. The  magnet,  being  brought  within  one  millimetre  of  these 
particles,  vxmid  attrad  them  feebly, 
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2.  The  same  heated  to  250°  0.  still  showed  signs  of  magnetism. 

3.  Heated  to  425°  C.  the  magnetism  entirely  dissappeared,  or 
could  only  be  made  apparent  upon  the  very  smallest  particles. 

4.  At  red-heat  the  magnetism  had  entirely  disappeared,  whether 
the  heat  was  continued  for  five  or  ten  minutes  only,  or  during 
several  hours. 

All  the  tests  with  the  magnet  were  made  when  the  heated  oxide 
had  cooled ;  and  the  same  was  done  in  all  the  experiments  referred 
to  in  this  paper. 

The  second  sesguioxide  of  iron  used  was  prepared  from  pure  pro- 
tosulphate  oxidized  by  nitric  acid,  and  precipitated  by  ammonia. 
This,  when  dried,  heated,  and  tested  in  the  same  manner  as  in  the 
former  experiments,  gave  similar  results,  viz.,  that  hydrated  sesqui- 
oxide  of  iron  was  always  slightly  magnetic  when  dried  at  a  low 
temperature  (even  at  60°);  but  at  high  temperatures,  as  red-heat, 
all  magnetic  property  disappeared. 

The  third  sesguioxide  of  iron  was  prepared  from  chemically  pure 
iron,  of  which  I  had  a  small  quantity  presented  to  me  by  Johnson 
&  Mathey,  of  London,  that  had  been  made  with  great  care  by 
Matthiessen.  The  results  of  these  experiments  difiered  in  no  way 
from  those  just  detailed. 

Second  Series  of  Experiments,  with  Sesquioxide  from 
Meteoric  Iron. 

I  next  took  meteoric  iron  with  which  to  prepare  the  sesquioxide, 
using  irons  from  a  variety  of  sources.  Those  experimented  with 
were  the  Toluca,  Cranbourne,  Russel  Gulch,  Sevier  County,  Robert- 
son County  irons,  and  the  iron  from  the  stony  meteorite  that  fell 
at  Parnallee.  These  irons  were  dissolved  in  the  same  way  as  the 
iron  in  the  first  series,  viz.,  with  a  large  excess  of  chlorhydric  and 
nitric  acids  in  equal  parts,  and  most  of  the  excess  of  acid  driven 
off  over  a  water-bath.  The  solution  was  then  diluted,  filtered,  and 
poured  into  a  beaker  of  hot  distilled  water,  to  which  had  been  pre- 
viously added  a  large  excess  of  ammonia.  The  precipitates  were 
washed  and  dried  precisely  as  in  the  first  series,  and  oxides  exam- 
ined by  the  magnet.  The  following  were  the  indications  given  by 
all  the  oxides,  with  but  very  slight  difference  in  degree. 

Dried  at  110  C,  sensibly  magnetic  when  the  magnet  was 
brought  nearly  in  contact  with  the  fine  particles.  Heated  to 
190°  C,  magnetism  exhibited  was  about  the  same;   at  300°  C, 
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slightly  increased;  at  450^,  decidedly  magnetic,  and  at  red-heat 
more  strongly  magnetic,  particles  two  or  three  millimetres  in  diam- 
eter being  attracted  at  some  little  distance.  It  made  no  essential 
difference  if  the  red-heat  was  continued  only  for  a  few  minutes  or 
several  hours. 

It  will  be  remarked  in  this  series  of  experiments  that  the  effect 
of  heat  was  just  the  reverse  of  what  occurred  in  the  first  series ; 
for  in  those  experiments  what  little  magnetic  property  existed  in 
the  oxide  as  first  prepared,  disappeared  entirely  when  the  oxide 
was  brought  to  a  red-heat. 

I  would  here  remark  that  the  sesquioxide,  as  usually  prepared 
by  me  in  the  analysis  of  meteoric  iron,  differs  somewhat  from  the 
above,  the  iron  in  solution  being  first  precipitated  by  boiling  with 
acetate  of  soda,  and  the  subacetate  of  iron  subsequently  converted 
into  oxide;  but  the  oxide  thus  prepared  still  exhibits  magnetic 
properties  analogous  to  that  formed  by  using  an  excess  of  ammonia. 

From  the  above  results,  the  question  naturally  arises  as  to  what 
is  the  cause  of  the  difference  in  the  first  and  second  series  of  experi- 
ments ;  for  the  conditions  under  which  the  oxides  were  formed  are 
as  nearly  the  same  as  it  was  possible  to  make  them,  and  they  were 
made  side  by  side  at  the  same  time. 

In  the  first  part  of  this  communication  it  was  stated  that  I 
supposed  it  might  be  due  to  a  new  metal  closely  related  to  iron,  but 
whose  oxides  were  all  attracted  by  the  magnet ;  this  idea  was  dis- 
carded after  varied  and  careful  experiments  that  failed  to  give  any 
evidence  of  the  correctness  of  such  an  assumption. 

The  only  thing  left  for  me  to  do  was  to  look  into  the  oxides  of 
iron  from  meteoric  iron,  and  see  what  impurities  they  contained, 
and  ascertain  if  these  impurities  played  any  part  in  this  magnetic 
anomaly.  It  is  well  known  that  when  a  solution  of  meteoric  iron 
is  precipitated  by  an  excess  of  ammonia,  the  oxides  of  nickel  and 
cobalt  at  first  precipitated  along  with  the  sesquioxide  will  be  redis- 
solved  but  only  in  part,  leaving  often  from  one  to  three  per  cent  of 
these  oxides  mixed  with  the  oxide  of  iron.  It  is  further  known 
that  while  nickel  and  cobalt  can  be  very  nearly  separated  from  iron 
by  means  of  the  acetate  of  soda,  still  a  sensible  portion  will  be  left 
in  the  precipitated  oxide  of  iron ;  so  much  so,  that  when  I  aim  at 
exceeding  accuracy  in  this  separation  the  subacetate  at  first  pre- 
cipitated (after  partial  washing)  is  redissolved  and  reprecipitated  by 
the  acetate  of  soda,  and  this  operation  repeated  a  second  and  a 
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third  time.  While  there  is  nothing  in  the  presence  of  the  oxides 
of  nickel  and  cobalt  that  would  lead  to  any  explanation  of  the 
phenomenon  under  discussion  (for  neither  of  these  oxides  is  affected 
by  the  magnet),  still  I  was  determined  to  see  what  would  be  the 
condition  of  the  oxide  of  iron  prepared  from  meteoric  iron  after 
jfour  resolutions  and  reprecipitations  by  acetate  of  soda,  finally  con- 
verting the  subacetate  of  iron  into  the  sesquioxide  by  dissolving  it 
in  aqua  regia  and  precipitating  by  ammonia. 

The  sesquioxide  thus  prepared  no  longer  possessed  the  proper- 
ties of  that  indicated  in  the  second  series  of  experiments,  but 
showed  the  same  properties  as  the  ordinary  oxide  of  the  first 
series,  viz.,  not  attracted  by  magnet  after  heating  to  redness. 

It  being  evident  that  the  minute  quantity  of  the  oxides  of 
nickel  and  cobalt  remaining  in  the  sesquioxide  as  prepared  from 
meteoric  iron  had  something  to  do  with  the  phenomenon  under 
consideration,  I  was  led  to  institute  a  third  series  of  experiments, 
using  the  sesquioxide  from  ordinary  iron. 

Third  Series  of  Experiments  with  Sesquioxide  op  Iron 

Prepared  from  Pure  Iron,  Mixed  with  Oxides  of 

Nickel,  Cobalt,  and  Other  Metals. 

A  quantity  of  a  solution  of  the  sesquioxide  was  prepared  by 
dissolving  pure  iron  in  a  mixture  of  equal  parts  of  chlorhydric  and 
nitric  acids,  and  a  portion  of  the  solution  equal  to  about  a  gramme 
of  the  metal  used  in  each  of  the  subsequent  experiments,  adding 
to  the  solution  of  iron  a  solution  of  the  other  metals  in  the  same 
acids  prior  to  precipitation  by  ammonia. 

Some  of  the  iron  solution,  without  any  admixture,  was  precipi- 
tated, and  the  sesquioxide  examined  as  in  series  first,  and  being 
satisfied  that  the  pure  oxide  gave  no  indication  of  magnetic  attract 
tion,  the  experiments  were  proceeded  with. 

Exp.  1. — A  solution  of  the  mixed  oxides  of  nickel  and  cobalt, 
as  obtained  from  meteoric  iron,  was  added  to  some  of  the  above 
solution  of  iron  (the  nickel  and  cobalt  oxides  representing  about 
ten  per  cent  of  the  iron)  precipitated  by  large  excess  of  ammonia, 
dried  and  tested  with  the  magnet  before  and  after  heating  to  redness, 
and  the  magnetic  results  were  just  the  same  as  if  we  had  been 
experimenting  with  meteoric  iron  detailed  in  series  second.  This 
experiment  was  frequently  repeated,  and  always  with  the  same 
result. 
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Exp.  2. — Same  experiment  as  last,  only  using  oxides  of  nickel 
and  cobalt  from  ordinary  sources ;  the  results  were  the  same,  only 
not  quite  so  marked. 

Exp.  3. — Pure  nickel  oxide  was  used,  with  similar  results. 

Exp.  4. — Pure  oxide  of  cobalt  was  used,  with  similar  results. 

While  the  above  experiments  throw  some  light  upon  the  subject, 
they  in  no  way  explain  the  phenomenon,  for  none  of  the  oxides 
separately  exhibit  the  magnetic  property,  I  therefore  continued 
the  experiments,  using  other  metals  besides  nickel  and  cobalt. 

Exp  5. — ^Ten  per  cent  of  copper,  dissolved  in  nitric  acid,  was 
added  to  a  portion  of  the  solution  representing  a  gramme  of  iron, 
and  precipitated  with  an  excess  of  ammonia — the  oxide  dried  and 
heated  as  in  the  previous  experiments.  When  tested  with  the 
magnet  it  gave  indications  similar  to  the  oxide  from  meteoric  iron, 
but  less  in  degree.  In  subsequent  analyses  of  this  oxide  thus  pre- 
cipitated it  was  found  to  contain  nearly  three  per  cent  of  oxide  of 
copper. 

Exps.  6,  7,  8,  9,  10. — In  these  experiments  oxides  of  man- 
ganese, gold,  platinum,  zinc,  and  cadmium  were  employed  as 
admixtures  with  the  iron ;  but  in  all  cases  the  precipitated  oxides 
difiered  in  no  way  from  the  pure  oxide  of  iron ;  when  tested  by  the 
magnet  evincing  no  attraction  after  being  heated  to  redness. 

The  above  experiments  embrace  all  that  I  have  made  up  to  the 
present  time,  and  the  results  that  are  new  may  be  summed  up  as 
follows : 

1.  That  artificial  hydrated  sesquioxide  of  iron,  dried  at  low 
temperatures,  is  attracted  feebly  by  the  magnet,  but  loses  this  prop- 
erty at  and  below  red -heat. 

2.  That  sesquioxide,  precipitated  in  the  ordinary  methods  from 
solutions  of  meteoric  iron,  and  dried  at  a  low  temperature,  acts 
similarly  to  the  ordinary  oxide,  but  difiers  from  it  in  that  it  be- 
comes decidedly  magnetic  on  being  heated  from  400°  C.  to  red-heat. 

3.  That  the  sesquioxide  from  ordinary  iron,  mixed  with  nickel 
or  cobalt,  or  both,  from  whatever  source,  exhibits  magnetic  prop- 
erties identical  with  that  from  meteoric  iron. 

4.  That  the  sesquioxide  of  iron  from  meteoric  iron,  freed  en- 
tirely from  traces  of  nickel  and  cobalt,  corresponds  to  the  ordinary 
sesquioxide  in  its  behavior  to  the  magnet. 

5.  That  the  sesquioxide  made  from  iron  mixed  with  copper 
resembles  that  from  meteoric  iron. 
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6.  That  the  sesquioxide  from  iron  mixed  with  manganese,  gold, 
platinum,  zinc,  or  calcium  differs  in  no  way  from  the  pure  ses- 
quioxide in  its  magnetic  reaction. 

A  natural  inquiry  is,  what  is  the  cause  of  this  change  in  the 
sesquioxide  of  iron  when  mixed  with  oxides  of  nickel,  cobalt,  or 
copper?  Analyses  of  mixed  oxides  have  thrown  very  little  light 
on  the  subject;  for  by  carefully  reducing  the  oxides  by  hydrogen, 
analyzing  the  mixed  metals  (that  usually  gave  from  two  to  three 
per  cent  of  the  copper,  nickel,  or  cobalt),  and  calculating  on  the 
the  basis  of  all  the  iron  being  sesquioxide,  my  analytical  results 
and  calculations  never  differed  more  than  from  one  to  one  and  a 
half  milligrammes  in  one  gramme  of  the  oxide  that  was  used,  and 
this  difference  is  within  the  limits  of  error,  yet  it  corresponds  to 
amount  of  from  two  to  three  per  cent  of  Fe304  mixed  with  the 
sesquioxide.  And  in  want  of  any  better  explanation,  I  must  sup- 
pose that  the  presence  of  the  small  amount  of  oxides  of  these  for- 
eign metals  does  cause  a  reduction  of  a  minute  quantity  of  the 
FoaOg  to  Fe304,  although  a  bright  red-heat,  however  long  con- 
tinued, will  not  increase  the  magnetic  property  of  the  oxide,  it  hav- 
ing received  its  maximum  as  soon  as  it  arrives  at  a  red-heat.* 

*  It  haa  been  suggested  to  me,  by  Prof.  C.  F.  Chandler,  that  the  nickel, 
cobalt,  and  copper  oxides  present  may  form  with  the  sesquioxide  of  iron  a 
magnetic  oxide,  thus,  NiO.FcaOj,  analogous  to  FeO,Pea03.  The  suggestion 
is  a  reasonable  one,  and  worthy  of  consideration. 
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ON  THE  PASSAGE  OP  TWO  BOLIDES  IN  1872 
AND  1874  OVER  MIDDLE  KENTUCKY. 


Amer.  Jour,  Science,  x,  1875,  pp.  203-205. 

There  have  not  been,  since  1871,  any  careful  observations  of 
the  passage  of  solid  meteoric  bodies,  except  in  the  case  of  two 
which  came  under  my  immediate  observation,  both  passing  over 
the  city  in  which  I  reside.  The  first  was  on  the  12th  of  December, 
1872,  just  after  sunset,  and  the  other  on  the  evening  of  July  18, 
1874,  about  9  o'clock  p.  m.  Of  the  former  I  saw  only  the  last 
remnant  of  its  effects  in  the  atmosphere ;  the  latter  I  observed  in  * 
part  of  its  passage  and  saw  it  explode. 

That  of  December,  1872,  was  certainly  one  of  considerable  im- 
portance, and  I  have  succeeded  in  collecting  not  less  than  fifteen 
good  observations, .  scattered  over  a  space  of  one  hundred  miles 
east  and  west,  and  eighty  miles  north  and  south. 

At  Louisville  (lat.  38°  20' N.,  long.  85"^  25'  W.),  just  after  sun- 
down  on  the  12th  of  December,  a  large  red  light  suddenly  ap- 
peared in  the  zenith,  and  for  several  seconds  seemed  to  stand 
motionless,  it  evidently  descending  directly  in  a  line  with  the  eye 
of  the  observer.  Then  starting  oflT  with  an  uncertain,  faltering 
motion,  it  moved  slowly  toward  the  horizon  in  a  southerly  direc- 
tion, gradually  fading  in  its  flight  from  a  lurid  red  to  a  dark  pur- 
plish hue,  and  leaving  a  dense  stream  of  blue  smoke  behind,  which 
remained  for  several  minutes  after  the  disappearance  of  the  mete- 
orite. 

Not  many  miles  from  Louisville  it  is  described  as  an  electric 
flash  in  a  clear  sky  (with  the  moon  shining  and  the  brighter  stars 
visible),  followed  in  two  minutes  by  a  distant  rolling  noise  like 
thunder,  the  reverberation  of  which  lasted  for  over  a  minute ;  and 
near  the  zenith  two  indistinct  clouds  were  seen,  resembling  the 
smoke  caused  by  the  explosion  of  gunpowder. 

Another  observer,  forty  miles  to  the  east  of  Louisville,  followed 
its  passage  for  about  twenty  degrees.     It  appeared  to  him  to  arise 
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in  the  west  about  ten  degrees  above  the  horizon  in  the  form  of  a 
ball  of  fire  one  fourth  the  size  of  the  moon,  followed  by  a  trail  of 
light  which  was  visible  for  several  seconds  and  gradually  gave 
place  to  a  well  defined  line  of  bluish  vapor,  which  could  be  plainly 
seen  for  three  or  four  minutes.  Its  passage  was  accompanied  by  a 
distinct  noise. 

At  a  place  about  eighty  miles  east  of  Louisville  it  was  seen  in 
a  direction  almost  due  west,  about  30°  above  the  horizon,  resem- 
bling a  large  sky-rocket  throwing  off  sparks,  and  moving  rapidly 
southward  inclined  to  the  horizon  ;  it  disappeared  about  20°  above 
the  horizon,  leaving  a  bright  track  of  smoke,  which  was  at  first 
very  luminous  from  its  being  yet  in  the  light  of  the  sun  that  had 
just  before  sunk  beneath  the  horizon ;  but  its  brilliancy  faded  as  the 
sun  descended  lower,  and  then  it  behaved  like  a  film  of  smoke 
that  was  waffced  into  zigzags  by  a  gentle  breeze,  curling  up  in  folds 
and  disappearing  in  about  fifteen  minutes,  going  toward  the  north. 
*  After  the  lapse  of  four  and  a  half  or  five  minutes,  three  or  four 
loud  detonations  were  heard  in  the  direction  in  which  the  meteor 
disappeared — the  sounds  following  each  other  in  quick  succession, 
and  resembling  very  closely  a  rolling  of  artillery  fired  very  rapidly. 
From  the  calculation  of  this  observer,  the  explosion  was  located  as 
far  west  as  Louisville,  and  some  thirty  or  forty  miles  to  the  south 
of  this  city. 

All  describe  the  cloud  as  remaining  for  several  minutes,  slowly 
breaking  up  and  gradually  fading  away. 

An  observer  at  Danville,  seventy  miles  southeast  of  LouisviUe, 
speaks  of  its  motion  as  being  very  much  slower  than  that  of  the 
ordinary  shooting-stars.  It  left  a  line  of  light  which  lasted  but  a 
short  time,  which  had  a  beaded  structure  before  it  disappeared, 
after  which  the  cloud  already  mentioned  became  visible.  This  ob- 
server did  not  hear  any  noise  ;  to  him  it  appeared  as  a  viscid  body 
leaving  a  portion  of  its  mass  adhering  to  the  atmosphere  as  it 
passed  through  it,  not  unlike  what  we  see  when  a  rod  is  dipped 
into  molten  glass,  and  then  withdrawn,  leaving  a  thread  attached 
to  the  original  mass.  The  thread,  however,  left  by  the  meteor,  did 
not  appear  of  a  uniform  size  but  in  places  was  swollen  into  knots, 
and  when  it  was  consumed  (the  thinnest  parts  disappearing  first)  it 
left  heavier  masses  of  cloud  or  vapor  at  the  points  where  it  was 
thickest.  Of  these,  two  were  particularly  noticeable,  as  la^^ting  for 
some  minutes  after  the  others  had  disappeared.     They  were  two  or 
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three  degrees  apart  and  continued  plainly  visible  for  several  min- 
utes ;  and  one  was  seen  by  this  observer  for  at  least  ten  minutes, 
and  eyen  then  disappeared  only  from  the  failing  light  of  the  even- 
ing. The  disappearance  of  the  meteor  was  sudden,  not  gradual, 
and  the  heaviest  part  of  the  cloud  was  not  at  the  point  where  it 
disappeared,  and  the  light  did  not  sensibly  diminish  up  to  the  mo- 
ment of  its  extinction. 

An  observer  at  Elizabethtown,  forty  miles  south  from  Louis- 
ville, speaks  of  seeing  the  explosion,  and  hearing  the  report  three 
and  a  half  minutes  afterward ;  by  calculation,  he  located  the  ex- 
plosion eight  miles  south  or  southwest  of  Louisville. 

Although  most  observers  locate  its  fall  not  very  far  from  Louis- 
ville, still  in  this  city  no  one  heard  any  noise  such  as  is  produced 
by  the  explosion  of  these  bodies.  No  discovery  of  any  fragments 
of  this  meteorite  have  been  made. 

I  have  no  comments  to  make  in  reference  to  the  pas<sage  of  this 
body  through  the  atmosphere,  except  in  connection  with  the  blue 
or  purplish  cloud  seen  by  all  observers  and  lasting  for  no  incon- 
siderable length  of  time.  These  clouds  are  not  unfrequently  con- 
nected with  the  passage  of  these  bodies  through  our  atmosphere, 
and  are  usually  more  striking  in  the  daytime,  or,  as  in  this  instance, 
just  after  sunset,  when  the  sun  was  well  situated  to  light  up  the 
cloud  and  exhibit  it  to  the  observer  who  could  no  longer  see  the 
sun.  What  are  these  clouds  ?  Are  they  composed  of  impalpable 
matter  abraded  from  the  surface  of  these  bodies  in  their  passage, 
or  are  they  true  vapor  clouds?  From  a  close  study  of  observa- 
tions in  connection  with  several  well-known  falls  of  meteorites,  I 
am  more  inclined  to  adopt  the  former  view ;  but  there  is  reason  for 
believing  that  the  violent  disturbance  of  a  portion  of  the  atmos- 
phere (much  of  it,  in  the  rapid  passage  of  the  body,  undergoing 
great  condensation),  added  to  an  undoubted  electric  disturbance 
of  the  atmosphere,  would  tend  to  the  deposition  of  moisture,  upon 
the  atmosphere  being  gradually  restored  to  its  former  equilibrium. 
These,  however,  are  but  speculations  advanced  to  draw  to  the  sub- 
ject the  attention  of  other  observers. 

The  bolide  of  July  8, 1874,  does  not  possess  equal  interest  with 
that  just  described.  Its  central  point  of  observation  was  the  same, 
viz.,  Louisville.  My  own  observation  was  made  during  the  last 
twenty  degrees  of  its  course.  It  was  seen  by  me  at  10  o'clock 
p.  M.,  as  a  brilliant  pear-shaped  body,  one  third  the  diameter  of 
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the  disk  of  the  moon,  with  a  stream  of  light  in  its  rear,  passing 
in  a  rapidly  descending  curve  Inward  the  south.  When  it  arrived 
within  almost  twenty  degrees  of  the  horizon  it  hurst  into  three  or 
four  separate  parts,  flashing  forth  red  and  blue  lights,  and  instantly 
disappeared  after  the  separation  in  a  southerly  direction,  the  course 
of  its  passage  being  from  N.  N.  W.  to  8.  8.  E.  I  did  not  hear  any 
explosion  at  the  time  of  its  bursting. 

At  Franklin,  one  hundred  and  fifty  miles  southwest  of  Louis- 
ville, it  was  observed  to  have  a  course  from  north  to  southwest, 
and  described  as  being  not  less  than  a  man's  head  in  size,  with  a 
light  bluish  color,  emitting  sparks  in  its  course,  but  no  noise  was 
heard  until  about  three  minutes  affcer  its  explosion,  when  there 
was  a  noise  like  distant  thuuder.  No  fragments  resulting  from 
the  explosion  were  ever  fouad. 
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Amer.  Jour.  Science,  xi,  1876,  p.  468. 

On  the  afternoon  of  the  31st  of  January,  at  five  and  one  half 
o'clock,  while  crossing  one  of  the  streets  of  Louisville,  my  atten- 
tion was  suddenly  arrested  by  a  magnificent  meteor  crossing  the 
heavens.  I  first  saw  it  at  60**  above  the  horizon,  and  it  disap- 
peared to  my  view  behind  the  houses  at  an  elevation  of  about  20^. 
It  was  pear-shaped  and  very  bright,  and  remained  in  view  for  two 
or  three  seconds.  Its  apparent  size  was  about  one  sixth  that  of  the 
disk  of  the  moon.  It  did  not  separate  while  under  my  observation, 
nor  did  1  hear  any  noise.  On  asking  through  the  medium  of  the 
public  prints  for  the  observations  of  others,  I  received  some  fifteen 
communications  from  an  area  of  one  hundred  and  twenty  miles 
in  diameter. 

To  a  number  of  the  observers  an  explosion  was  visible,  produc- 
ing several  flashes  of  light  of  different  colors.  This  occurred  about 
ten  degrees  above  the  horizon.  On  exploding  all  the  fragments 
disappeared  instantly  except  the  largest,  which  also  disappeared 
before  reaching  the  horizon.  Some  observers  saw  sparks  flying 
off  from  the  ball,  and  a  short  stream  of  light  behind  it.  One  or 
two  think  they  heard  a  whizzing  noise,  and  at  the  time  of  burst- 
ing heard  the  explosion.  All  agree  in  stating  that  the  direction 
was  from  northwest  to  southeast.  Nothing  has 'yet  been  heard 
of  any  fragments  having  been  collected.  My  opinion  is  that  it 
fell  about  the  range  of  the  Cumberland  Mountains  in  Kentucky, 
or  in  the  northeast  of  Tennessee. 

This  is  the  third  bolide,  in  three  consecutive  years,  that  it  has 
been  my  good  fortune  to  witness  in  its  passage  over  Louisville, 
but  the  fragments  of  none  of  them  have  been  obtained.  They 
all  were  passing  from  the' northward  to  southward. 
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ORIC IRON  THAT  FELL  IN  DICKSON 
COUNTY,  TENN.,  IN  1835. 


Amer.  Jour.  Science,  x,  1875,  pp.  349-352;    Gompt.  Rend.,  Ixxxi, 
1875,  pp.  84-87 ;  Annual  Rec.  Science  and  Indus.,  1876,  p.  226. 

Every  metallic  particle  in  the  interior  of  a  meteoric  stone  is 
a  complete  miniature  t3rpe  of  the  large  masses  of  meteoric  iron 
which  have  been  discovered  in  different  parts  of  the  world,  but 
were  not  seen  to  fall,  leading  to  the  natural  conclusion  that  they 
must  have  fallen  at  periods  long  anterior  to  the  dates  of  their  dis- 
covery. And  it  is  an  interesting  fact  in  celestial  meteorology,  that 
the  stony  meteorites,  with  their  little  particles  of  metal,  fall  with 
comparative  frequency.  Yet  the  fall  of  iron  masses  free  from 
earthy  matter  is  so  rare  that  we  have  but  four  authenticated  cases; 
that  of  Agram  in  Croatia,  in  May,  1751,  that  of  Braunau,  Bohemia, 
in  July,  1847,  that  of  Victoria,  Africa,  in  1862,  and  the  one  which 
now  forms  the  subject  of  this  communication,  which  fell  on  the  1st 
of  August,  1835,  near  Charlotte,  Dickson  County,  Tenn.,  U.  8.; 
lat.  36°  15',  long.  87°  22'.  A  short  description  was  given  by 
Professor  Troost,  of  Nashville,  and  published  in  this  Journal  in 
1845.  Professor  Troost  dying  very  shortly  after  that  period,  his 
cabinet  of  minerals  and  other  objects  of  natural  history  were 
placed  in  boxes  by  his  executors,  and  have  remained  thus  until 
within  the  past  few  months,  when  they  passed  under  my  control. 
The  scientific  world  knowing  so  little  of  this  meteoric  iron,  I  at 
once  proceeded  to  its  examination ;  and,  as  only  a  small  part  of 
one  end,  weighing  two  or  three  hundred  grammes,  had  been  cut 
off,  it  was  easy  to  restore  that  from  a  drawing  and  obtain  a  perfect 
cast  of  the  mass,  which  has  been  done.  My  reason  for  making 
the  present  communication  is  to  call  attention  to  the  remarkable 
features  of  this  most  interesting  meteorite,  which,  although  it  is 
forty  years  since  it  fell,  has  not  been  seen  by  a  half  dozen  scien- 
tific men. 
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This  meteorite  fell  during  the  daytime  in  a  field  where  several 
persons  were  at  work,  frightening  a  horse  attached  to  a  plow,  who 
ran  wildly  about  the  field  dragging  the  plow  after  him.  It  struck 
the  ground  at  the  root  of  a  large  oak,  descending  at  rather  an 
acute  angle,  and  burying  itself  in  the  roots  of  the  tree.  The 
sky  was  cloudless,  and  a  noise  was  heard  preceded  by  a  vivid 
light.  Other  particulars  connected  with  its  fall,  as  well  as  a  de- 
scription of  its  size  and  form,  have  been  already  published  by 
Prof.  Troost.  It  is  of  an  elongated  kidney  shape  and  remark- 
ably symmetrical  form,  the  metal  being  bright  and  almost  polished 
on  many  parts  of  the  surface,  and  it  has  remained  in  this  con- 
dition ever  since  it  was  discovered,  although  exposed  to  such 
atmospheric  conditions  as  usually  rust  and  tarnish  iron  ;  it  is  in  this 
respect  unique  among  meteoric  irons,  as  well  as  in  another  par- 
ticular first  noted  by  Prof.  Troost.  Although  to  the  naked  eye 
the  surface  has  the  appearance  of  smooth  cast  iron,  the  smoothness 
of  the  surface  in  many  parts  disappears  when  examined  through 

a  lens ;  "it  is  then  seen  to  have 
a  reticulated  surface,  formed  by 
the  edges  of  thin  laminae  of  met- 
al, separated  from  each  other 
by  an  apparently  semi -fused  or 
slaggy  matter.    These  laminse, 


running  in  an  inclined  position 
into  the  mass,  intersect  one  an- 
other at  angles  of  60°,  and, 
forming  equilateral  triangles, 
would  divide  the  mass  into  reg- 
ular octahedrons.  The  accom- 
panying cut  will  better  exhibit  these  lines  very  much  magnified. 
Another  noteworthy  fact  in  connection  with  this  iron  (which  is 
soil  and  tough)  is  that  when  cut  and  polished  it  will  resist  the 
tarnishing  effects  of  the  ordinary  vapors  of  the  laboratory,  as  I 
have  pieces  which  have  been  thus  exposed  for  several  months. 

By  the  agency  of  heat  or  acid  the  Widmannstattian  figures 
are  developed  with  exquisite  beauty  not  equaled  except  by  three 
or  four  known  meteoric  irons.  In  connection  with  these  figures 
I  will  call  attention  to  the  delicate  parallel  lines  inside  of  these 
figures,  which  I  pointed  out  several  years  ago  as  being  peculiar 
to  certain  of  the  irons,  they  being  not  contained  in  all  Widmann- 
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stattian  figures,  and  which  I  designate  by  the  term  ''Laphamite 
markings." 

This  iron  is  not  absolutely  compact,  for  one  can  trace,  even 
with  the  eye,  minute  Ciivities  which  are  distinctly  visible  with  a 
lens ;  but  I  have  not  yet  been  able  to  detect  any  schreibersite  either 
on  the  surface  or  in  the  interior  of  the  mass. 

Its  specific  gravity  is  7.717. 

On  analysis  it  was  found  to  consist  of 

Iron 91.16 

Nickel : 8.01 

Cobalt 72 

Copper 06 

No  trace  of  sulphur  was  detected,  and  so  minute  a  trace  of  phos- 
phorus that  only  a  few  exceedingly  small  crystals  of  phosphate  of 
magnesia  and  ammonia  could  be  discovered  in  the  test  made  with 
a  gramme  of  the  iron,  representing  only  a  small  fraction  of  a  mil- 
ligramme of  phosphorus.  In  fact  I  have  never  yet  analyzed  a 
meteoric  iron  containing  so  little  phosphorus.  In  regard  to  the 
gnseous  contents  of  this  iron,  the  following  were  the  results  ob- 
tained by  Prof  W.  Wright,  who  made  an  examination  of  them  at 
my  request. 

'*The  iron  being  exposed  to  a  red-heat  gave  a  little  more  than 
twice  its  volume  of  gas.  It  can  be  estimated  at  2.2  without  an 
appreciable  error.  It  did  not  appear  to  be  given  off*  readily,  and 
doubtless  a  larger  portion  would  have  been  obtained  if  the  iron 
had  been  in  a  more  thoroughly  divided  state.  An  analysis  of  the 
gas  gave 

H 71.04 

CO 15.03 

CO2 13.08 

There  did  not  appear  to  be  any  appreciable  quantity  of  nitrogen." 
It  is  a  question  of  no  small  interest,  in  connection  with  the  Mi 
of  meteoric  irons,  whether  or  not  they  are  heated  to  a  sufficient 
degree  of  intensity  to  fuse  the  surface  of  the  metal.  The  present 
meteorite  would  appear  to  solve  this  question  in  the  negative ;  for 
if  the  surface  had  been  melted  the  delicate  reticulated  structure, 
which  is  discoverable  by  the  glass,  would  have  disappeared,  and  it 
would  have  had  an  irregular  melted  exterior.  In  the  present  case 
this  oxide  exists  on  the  edges  and  between  the  stride ;  which  serves 
to  show  that  the  surface  of  the  iron,  although  not  melted,  was 
nevertheless  intensely  heated,  and  had  been  preserved  from  fusion 
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onlj  by  the  rapid  conduction  of  the  heat  from  the  circumference  to 
the  center.  And  this  should  be  the  case  with  nearly  all,  if  not 
all|  the  masses  of  iron  which  have  fallen. 

The  Braunau  iron  was  not  near  the  point  of  fusion ;  otherwise 
it  would  have  set  fire  to  the  rafters  of  the  house  in  which  a  part 
of  it  was  imbedded  at  the  time  of  its  fall,  and  the  surface  of  that 
iron  precludes  the  idea  of  its  having  been  fused.  If  this  general- 
ization of  iron  be  correct,  it  has  an  important  bearing  upon  the 
hypothesis  of  the  manner  in  which  the  Ovifak  iron  (supposing  it 
to  be  meteoric)  penetrated  the  basalt  in  scattered  particles  just  at 
the  time  of  the  outflow  of  the  basalt  in  a  plastic  state ;  for  if  the 
iron  was  not  melted  in  its  passage  through  the  air,  it  could  not 
have  penetrated  the  basalt  in  such  a  manner  that  the  particles  are 
completely  surrounded  by  terrestrial  basalt.  This  feet  in  connec- 
tion with  many  others  leads  me  more  and  more  strongly  to  the 
conviction,  in  common  with  some  others,  that  the  Ovifak  iron  is 
terrestrial. 

On  the  whole,  the  iron  just  described  is  the  most  interesting 
specimen  of  meteoric  iron  yet  known. 
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Amer.  Jmir.  Science,  xi,  1876,  pp.  388-395,  433-442;  AnnaL  de 
Chimie,  ix,  1876,  pp.  259-288;  Compt.  Bend,,  Ixxxii,  1876,  pp. 
1042,  1043. 

In  the  study  of  meteorites  it  is  well  known  that,  of  all  the  sim- 
ple and  compound  substances  met  with  in  these  bodies,  the  carbon 
has  received  the  least  study  and  investigation.  This  has  arisen 
principally  from  the  limited  amount  of  material  at  the  command  of 
the  chemist — a  fact  to  be  regretted,  since  if  any  one  element  more 
than  another  demands  attention  and  excites  wonder  at  the  part  it 
plays,  either  as  an  element  or  in  its  endless  combinations  with  other 
substances,  that  element  is  carbon. 

In  its  elementary  condition  we  see  it  in  crystals  of  exceeding^ 
hardness  and  brilliancy  in  the  diamond,  and  also  in  irregular, 
nearly  opaque  masses  that  are  not  to  be  confounded  with  the  dia- 
mond. Again,  we  have  carbon  in  a  soft,  black,  unctuous  state, 
either  in  lustrous  flaky  crystals  or  in  fine-grained  masses.  It  also 
occurs  in  the  harsh  and  gritty  form  of  coke,  sometimes  changed  to 
an  unctuous  body  approaching  graphite  in  aspect,  yet  different 
physically  as  well  as  in  some  of  its  chemical  relations.  Deposits  of 
anthracite  furnish  carbon  in  yet  another  form.  Besides  these,  the 
results  of  decomposition  of  what  are  known  as  organic  compounds 
give  quite  a  list  of  different  forms  of  carbon,  made  either  by  the 
incomplete  combustion  of  hydro-carbons,  or  by  passing  through 
red-hot  tubes  the  vapors  of  hydro-carbons,  chloride  of  carbon,  sul- 
phide of  carbon,  etc.,  or  by  the  decompositions  of  such  substances 
as  carbonic  acid,  carbides  of  boron,  of  iron,  of  manganese,  etc. 

These  various  forms  of  carbon  have  certain  chemical  differ- 
ences, more  or  less  marked,  which  differences  have  attracted  the 
attention  of  chemists,  although  no  one  has  studied  them  with  much 
care  or  success  except  M.  Berthelot,  their  investigation  being  diffi- 
cult on  account  of  the  want  of  proper  methods.     M.  Berthelot 
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obtained  his  results  by  taking  advantage  of  the  singularly  slow 
oxidizing  action  of  a  mixture  of  nitric  acid  and  chlorate  of  potash 
on  carbon,  first  pointed  out  by  M.  B.  C.  Brodie  in  1860*  in  experi- 
ments on  graphite,  by  which  he  produced  for  the  first  time  what  is 
known  as  graphitic  oxide.  He  operated  by  this  means  on  very 
many  specimens  of  carbon,  from  the  diamond  to  lamp-black,  em- 
bracing a  large  variety  of  artificially  prepared  carbons,  and  dis- 
covered certainly  six  or  eight  more  or  less  distinct  chemical  char- 
acteristics of  these  diflferent  carbons. f  The  physical  differences  of 
some  of  them  are  well  known;  among  these  differences  none  is 
more  remarkable  than  that  of  their  specific  heats.  Other  bodies 
known  as  elements,  as  silicon  and  boron,  oxygen,  etc.,  take  upon 
themselves  different  conditions  called  allotropic  conditions,!  a  term 
applied  to  the  isomeric  conditions  of  simple  bodies;  but  carbon 
differs  from  these,  not  only  in  exhibiting  a  most  wonderful  variety 
of  allotropic  conditions,  but  also  in  the  phenomena  coming  under 
the  head  of  isomerism,  polymerism,  and  metamerism ;  so  much  so 
that  we  are  disposed  to  take  this  body  away  from  the  rank  of  a 
mere  element  and  call  it  a  protean  body  that  gives  rise  to  sub- 
stances of  endless  form  and  variety  by  combining  with  a  very 
limited  number  of  elements. 

Additional  interest  attaches  to  carbon  from  the  fact  of  its  being 
regarded  as  belonging  pre-eminently  to  the  organic  kingdom.  In 
fact,  some  of  the  best  observers  and  investigators  assume  that  there 
is  no  such  thing  as  mineral  carbon  among  the  rocks  of  our  globe, 
and  that  wherever  found,  whether  as  diamond,  graphite,  or  coal,  it 
is  a  product  derived  from  organic  matter,  in  which  it  had  first  per- 
formed its  part  in  the  economy  of  nature. 

A  still  more  exciting  interest  has  been  felt  in  carbon  since  the 
new  department  of  celestial  chemistry  has  received  the  attention 
of  scientists.  And  here  we  are  not  left  for  our  knowledge  of  celes- 
tial carbon  to  the  attenuated  form  of  it  which  can  be  detected  only 
by  astronomical   instruments ;    for  masses  of  matter  from  other 

•Annalen  der  Chemie  und  Pharm.,  April,  p.  6. 

t  The  full  detail  of  his  researches  is  to  be  found  in  the  Annales  de  Chi- 
mie  et  de  Physique,  IV,  xix,  392,  1870,  and  xxx,  419,  1873. 

t  Notwithstanding  the  recent  experiments  of  M.  Weber,  showing  that 
under  certain  conditions,  carbon,  silicon,  and  boron  are  not  exceptions  to  the 
law  of  Dulong  and  Petit,  they  still  occupy  a  singular  position  in  regard  to 
specific  heat. 

32 
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spheres  reach  our  globe  from  time  to  time,  bringing  with  them 
specimens  of  solid  carbon  for  our  investigation,  and  at  the  same 
time  perplexing  our  minds  with  questions  as  to  its  mineral  or  or- 
ganic origin,  and  as  to  the  existence  or  not  of  life  on  other  planets, 
and  in  other  systems  of  planets. 

Like  the  footprints  of  former  life  on  the  rock  strata  of  our 
globe,  these  indications  in  what  we  call  meteorites,  however  slight 
they  may  be,  are  not  to  be  disregarded.  While  I  do  not  wish  to 
arrogate  to  myself  any  undue  merit  in  the  study  of  this  subject,! 
must  say  that  I  believe  that  my  methods  published  in  1855*  set 
forth  more  prominently  than  it  had  been  done  before,  the  proper 
method  of  research  for  arriving  at  correct  conclusions.  It  is  clear 
that  to  attain  positive  results  the  astronomer,  physicist,  mineral- 
ogist, and  chemist  must  not  run  counter  to  one  another  in  the  use 
of  the  facts  severally  studied  by  them  ;  and  in  all  that  I  have  done 
in  this  direction  it  has  been  my  eifort  to  keep  this  in  view. 

In  the  present  memoir  it  is  my  object  to  develop  new  fiicts 
and  consider  some  points  in  connection  with  the  carbon  of  mete- 
orites. 

1.  The  Carbonaceous  Meteorites. 

Certain  well-known  meteorites  from  among  those  whose  fall  has 
been  observed  have  been  called,  from  their  aspect"  and  from  their 
containing  a  small  amount  of  carbon,  carbonaceotis  meteorites,  al- 
though the  small  amount  of  carbon  contained  in  them  is  not  suffi- 
cient to  account  for  their  color.  Perhaps  the  term  melanotic  mete- 
orite would  be  a  more  appropriate  one  to  distinguish  them  from  the 
stony  and  iron  meteorites.  There  are  but  four  of  them  yet  known, 
viz:  That  which  fell  at  Alais  in  1806,  that  at  Kold-Bokeveldt  in 
1838,  that  at  Kaba  in  1857,  and  that  at  Orgueil  in  1864.  They 
contain  respectively  about  3,  2,  0.6,  and  6  per  cent  of  carbonaceous 
matter. 

I  would  here  remark  that  the  Alais,  Kold-Bokeveldt,  and  Or- 
gueil are  more  closely  allied  to  each  other  than  to  the  Kaba  mete- 
orite.    The  predominating  mineral  constituents  are  about  as  fol- 

*^^^'  Alnls,  K-Bokt,  Kaba-  Oivueil. 

by  Berz.        by  HHrrls.     by  Wohler.     by  Pisani. 

Silica 81.22  30.80  84.24  26.08 

Magnosirt 22.21  22.20  22  39  17.00 

Iron  protoxide 29.03  29.94  26.20  29.t>0 

*  American  Journal  Science,  II,  xix,  153,  822. 


Digitized  by 


Google 


Chateau 

HarriBon 

Renard. 

County. 

Concord. 

Danville. 

Searsmont. 

88.18 

47.30 

47.30 

60.08 

40.61 

1767 

24.63 

24.63 

20.14 

8r>.34 

29.44 

28.03 

28.03 

19.85 

19.21 

SOLED  CARBON  COMPOUNDS  IN  METEORITES.  499 

If  we  now  contrast  these  mineral  constituents  with  those  pre- 
dominating in  well-known  meteoric  stones,  a  most  striking  fact 
presents  itself — one  not  commonly  realized  by  those  engaged  in 
the  study  of  these  bodies.  It  is  seen  on  comparing  the  above  with 
the  following  tables : 

Cbassipiy. 

Silica 35.80 

Magnesia 31.76 

Iron  protoxide  . .  26.70 

From  these  tabular  statements  it  will  be  seen  that,  deducting 
the  small  amount  of  carbon  contained  in  the  black  meteorites,  the 
mass  of  mineral  matter  constituting  them  is  about  the  same,  and 
corresponds  thus  with  the  so-called  common  type  of  meteoric 
stones ;  and  hence  the  mineral  matter  to  which  these  constituents 
belong  must  be  the  same  in  the  two  classes  of  meteorites,  namely, 
olivines  and  pyroxenes,  differing  only  in  the  more  or  less  compact 
form  of  these  minerals. 

In  the  writings  of  some  of  the  most  astute  observers  of  these 
bodies  we  find  little  stress  laid  on  these  facts.  Thus,  M.  Meunier, 
in  a  paper  on  the  origin  of  meteorites,  published  in  The  Cosmos  of 
December,  1869,  expresses  his  amazement  that  I  should  speak  of 
the  circumscribed  uniformity  of  the  composition  of  meteorites  as 
evidence  of  a  circumscribed  cosmical  origin  of  these  bodies,  both 
with  reference  to  the  sphere  or  spheres  whence  they  come,  as  well 
as  their  rock  structure.  He  takes  so  opposite  a  view  as  to  say 
(p.  9),  **  So  far  from  the  meteorites  showing  such  a  resemblance, 
we  can  establish  between  meteoric  iron,  olivine  meteorites,  alumi- 
nous meteorites,  and  carbonaceous  meteorites,  differences  as  great 
as  between  the  most  different  terrestrial  rocks."  An  assertion 
which  would  include  all  the  ranges  of  rocks  and  sedimentary  de- 
posits from  the  basalt  and  granite  to  the  cretaceous  and  tertiary 
deposits. 

Let  any  one  look  at  the  above  table,  and  say  whether  or  not 
he  sees  so  vast  a  difference  in  the  mineral  constituents  of  the  dif- 
ferent meteorites  there  enumerated;  and  yet  they  represent  the 
two  extremes  of  these  bodies  so  far  as  their  external  properties 
are  concerned.  It  is  well  known  that  three  or  four  minerals  rep- 
resent the  great  mass  of  the  constituents  of  every  meteorite  in 
various  proportions,  viz.,  nickeliferous  iron,  olivine,  pyroxene,  and 
anorthite,  especially  the  first  three ;  and  the  purely  iron  meteorites 
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must  be  recognized  as  magnified  masses  of  the  metallic  particles  to 
be  found  in  every  stony  meteorite,  not  ezceptinig  even  the  carbon- 
aceous meteorites.* 

My  object,  however,  in  this  paper  is  not  to  discuss  at  length 
the  general  internal  resemblances  of  these  bodies,  as  I  may  have 
occasion  to  do  it  more  fully  at  another  time.  I  wish  simply  to 
note  that  black  and  pulverulent  as  are  the  carbonaceous  meteor- 
ites, they  are  not  removed  by  their  mineral  constituents  from  the 
so-called  common  meteorites.  I  now  pass  on  to  show  that  even  in 
their  carbonaceous  constituent  they  are  strongly  linked  even  to  the 
iron  meteorites. 

2.  GRAFHirE  Carbon  m  the  Iron  Meteorites. 

Ever  since  the  internal  structure  of  this  class  of  meteorites  has 
been  examined  by  sections  through  the  center  of  these  compact 
metallic  masses  nodular  concretions  have  been  noted  in  their  in- 
terior, the  most  common'  of  which  consist  of  troUUe,  a  protosnl- 
phide  of  iron,  and  filling  ovoidal  cavities.  Sometimes  these  troi- 
lite  concretions  have  a  thin  coating  of  a  lighter  colored  mineral 
known  as  sdireibersite;  and  this  last  is  also  found  alone  in  concre- 
tionary, masses  which  are  usually  angular  or  lamellar. 

Less  frequent  concretions  than  either  of  the  above,  and  even 
more  remarkable,  consist  of  carbon  of  the  character  of  graphite; 
these,  like  the  troilite,  usually  fill  irregular  ovoidal  cavities  and 
are  more  or  less  contaminated  with  the  latter  mineral. 

The  most  important  of  the  meteoric  irons  containing  these 
nodules,  that  have  come  under  my  immediate  observation  are  the 
Toluca,  the  Cranbourne,  the  DeKalb,  and  the  Sevier;  the  last 
two  have  received  my  special  study,  the  latter  furnishing  much 
the  larger  part  of  the  material  in  my  hands. 

CJiaracter  of  the  graphite  noduUs, — These  concretions  differ  more 
or  less  in  appearance,  while  their  general  character  is  the  same. 
In  this  communication  I  call  special  attention  to  a  large  nodule 
taken  from  the  very  center  of  the  Sevier  iron,  the  largest  that 
has  come  under  my  observation,  and  perhaps  the  largest  known. 

♦At  present  the  Orgueil  and  Rhoda  meteorites  are  the  only  two  in  which 
no  positive  evidence  of  the  presence  of  nickeliferoas  iron  has  been  traced  ; 
in  the  Orgueil,  however,  we  And  nearly  three  per  cent  of  oxides,  nickel  and 
cobalt,  and  the  Rhoda  has  not  been  very  critically  examined. 
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It  was  detached  from  the  iron  entire  and  perfect  in  every  respect. 
Its  greatest  length  is  60  millimetres ;  its  dimensions  in  the  other 
direction  vary  from  20  to  35  millimetres.  The  weight  before  it 
was  cut  was  92  grammes.  Its  form  is  that  of  an  irregular  dumb- 
bell flattened  on  one  side  and  slightly  nodular  on  the  surface.  Its 
color  is  plumbago-black,  except  at  small  places  on  the  surface, 
where  there  is  a  little  bronze-colored  troilite.  Its  texture  is  re- 
markably close  and  compact,  and  it  is  cut  readily  by  the  saw, 
except  when  the  tool  encounters  particles  of  inclosed  troilite.  Its 
structure  and  powder  is  not  unlike  that  of  the  close- textured 
graphite  of  Borrowdale  in  Cumberland,  England,  and  quite  un- 
like the  scaly  graphite  such  as  that  from  Ceylon,  or  that  found 
in  certain  cast  irons. 

Examined  from  the  circumference  to  the  center  this  nodule 
presents  the  following  appearances:  About  one  lifth  of  the  cir- 
cumference of  the  section  is  made  up  of  troilite  with  a  thickness 
of  one  millimetre.  The  remainder  of  the  section  has  all  the  aspect 
of  graphite,  except  in  a  few  spots.  In  the  nodule  there  is  a  small 
mass  of  troilite  not  unlike  in  form  the  entire  nodule ;  it  is  10  milli- 
metres long  by  about  5  millimetres  wide ;  it  is  not  continuous  from 
its  circumference  to  its  center,  but  the  center  portion  is  cut  off 
completely  from  the  exterior  portion  by  a  thin  belt  of  graphite 
one  half  to  three  quarters  of  a  millimetre  in  thickness.  Again,  on 
other  parts  of  the  surface  small  particles  of  troilite  are  to  be  seen. 

The  specific  gravity  of  this  graphite  is  2.26  millimetres,  as 
determined  on  a  piece  in  which  no  troilite  was  visible  to  the  eye, 
and  after  it  was  immersed  in  water  and  placed  under  the  receiver 
of  an  air-pump  to  abstract  the  air  from  its  pores. 

Giemical  character  of  the  graphitic  nodule. — When  pulverized  and 
heated  in  a  short  glass  tube  from  100°  to  150°  C,  water  is  given 
off,  which  is  doubtless  water  absorbed  from  the  air  by  the  graphite. 
If  heated  a  little  higher  and  then  brought  close  to  the  nose  a 
slight  empyreumatic  odor  is  apparent ;  if  heated  still  higher  there 
is  a  slight  odor  of  sulphureted  hydrogen.  If  heated  in  the  open 
air  the  carbon  is  burnt  with  difficulty,  showing  its  true  graphitic 
nature. 

Treatment  of  the  graphite  by  ether, — Very  pure  and  concentrated 
ether  was  added  to  two  grammes  of  material  in  powder  and  rub- 
bed up  in  a  porcelain  mortar;  then  poured  into  a  small  beaker; 
a  little  more  ether  was  added  and  the  two  allowed  to  remain 
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together  for  twelve  or  eighteen  hours,  the  vessel  being  covered  to 
prevent  evaporation.  The  ether  was  then  filtered  off  from  the 
graphite,  which  was  finally  washed  with  a  little  ether.  The  ether 
was  allowed  to  evaporate  slowly  in  the  uncovered  beaker,  placed 
where  the  temperature  was  about  33^  C.  After  the  ether  had 
evaporated,  long  colorless  acicular  crystals  covered  the  sides  of 
the  vessel,  and  some  shorter  ones  were  in  the  bottom.  There  were 
also  some  rhomboidal  crystals  and  rounded  particles.  The  solid 
residue  exhaled  a  peculiar  odor  of  an  aromatic  character,  some* 
what  alliaceous.  The  quantity  of  these  crystals  was  small,  not  ex- 
ceeding fifteen  milligrammes  from  two  grammes  of  the  graphite. 
Heated  on  a  piece  of  platinum  foil  they  fuse  at  about  120^  G. 
Heated  in  a  small  tube  closed  at  one  end,  they  first  melt  and  then 
volatilize,  condensing  in  yellow  drops  that  soon  solidify  leaving  a 
carbonaceous  residue.  They  are  not  soluble  in  alcohol,  but  very 
soluble  in  sulphide  of.  carbon.  Fuming  nitric  acid  oxidizes  the 
material,  and  gives  as  one  of  the  products  sulphuric  acid.  The 
quantity  was  too  small  to  admit  an  ultimate  analysis,  but  it  was 
very  evident  that  sulphur  was  the  predominating  constituent,  the 
remainder  being  carbon  and  hydrogen.  These  three  elements  may 
be  combined,  forming  a  peculiar  sulp-hydrocarbon,  which  in  a  pre- 
vious note  I  called  cdeetialitey  or  it  may  be  sulphur  containing  a 
minute  quantity  of  a  hydrocarbon  that  gives  the  peculiar  odor  and 
determines  the  somewhat  singular  form  of  crystallization  of  the 
sulphur ;  for  these  aciculd^r  crystals  may  be  only  elongated  rhom- 
bohedrons. 

Be  the  compound  what  it  may,  it  is  a  matter  of  chemical  and 
astronomical  interest  that  a  solid  graphite  nodule  thus  incased  in 
iron  should  contain  a  sulph-hydrocarbon,  or  free  sulphur  and  a 
hydrocarbon. 

The  graphite  powder,  after  treatment  with  ether,  was  then 
treated  with  the  bisulphide  of  carbon  (which  was  redistilled  just 
before  use),  and  after  standing  two  or  three  hours  was  thrown  on 
a  filter;  the  filtrate  was  evaporated  to  dryness,  and  the  residue 
was  a  yellow  solid ;  in  this  instance,  as  in  the  last,  the  quantity 
was  small.  This,  when  heated  in  the  open  air  on  platinum  foil 
to  a  red  dull  heat,  first  melts  at  about  the  temperature  that  sul- 
phur melts,  and  finally  the  sulphur  is  burnt  off,  leaving  a  car- 
bonaceous residue.  When  heated  in  a  tube,  it  sublimes,  leaving  a 
black  residue. 
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To  all  appearances  this  is  the  same  substance,  or  mixture  of 
substances,  that  was  extracted  by  the  ether,  the  ether  not  having 
exhausted  the  graphite  in  the  first  treatment. 

The  graphite  nodules  of  the  DeKalb  and  of  the  Cranbourne 
irons,  on  treatment  with  ether  and  sulphide  of  carbon,  gave  sim- 
ilar  results.  In  the  cnse  of  th^  Cranbourne  graphite  I  had  less 
than  one  hundred  milligrammes  of  the  material  to  operate  with, 
and  I  hardly  hoped  to  obtain  patisfactory  results,  but  I  did  suc- 
ceed, however,  in  obtaining  such  without  the  acicular  crystals,  for 
the  whole  residue  was  less  than  one  milligramme;  but  I  had 
enough  to  recognize  the  peculiar  odor,  and  also  the  minute  quan- 
tity that  could  be  scraped  off  the  vessel  in  which  the  evaporation 
took  place  furnished  the  marked  reaction  by  heat  of  volatilization 
in  part  and  condensation  of  the  same  with  a  carbon  residue. 
The  Cranbourne  graphite  requires  more  trituration  with  the  ether 
than  that  from  the  Sevier  meteorite,  as  it  is  more  flaky  on  being 
rubbed  up. 

Further  remarks  about  this  peculiar  substance  will  be  made  a 
little  farther  on,  when  I  come  to  speak  of  the  same  compound  as 
obtained  irom  the  black  or  carbonaceous  meteorites. 

Action  of  strong  nitric  acid  on  the  graphite. — Strong  nitric  acid, 
poured  upon  the  powdered  graphite  that  had  been  treated  with 
ether  and  bisulphide  of  carbon  acted  vigorously  upon  the  sulphide 
of  iron  mixed  with  it,  and  after  digestion  for  some  time  in  the  acid 
and  washing  thoroughly  with  water,  there  remained  fifty-five  per 
cent  of  the  original  matter,  which  consisted  of  carbon.  This  burnt 
in  air  with  great  difficulty,  but  very  easily  in  oxygen,  leaving  a 
residue  of  one  per  cent  of  ash. 

The  nitric-acid  solution  was  analyzed  and  found  to  contain 

Sulphur 85.06 

Iron   62.21 

Cobalt A 0.5f) 

Nickel   0.16 

MagnesU 0.30 

Silica   0.21 


■  Troilite. 


98.52^ 

It  is  a  fact  of  some  interest  that  in  the  sulphide  of  iron  which 
occurs  in  meteoric  irons  (when  these  nodules  are  perfectly  free  from 
any  adhering  iron)  the  quantity  of  nickel  and  cobalt  present  is 
very  minute,  a  mosst  singular  fact  if  we  are  to  regard  these  nodules 
as  the  result  of  segregations  from  the  mass  of  iron.     And  still  fur- 
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ther,  while  the  nickel  is  very  largely  the  predominant  metal  of  the 
two  in  the  iron,  I  have  noted  that  the  cohalt  predominates  over  the 
nickel  in  the  sulphide  nodules;  hut  I  would  not  without  further 
examination  regard  this  as  likely  to  be  the  rule  in  all  cases. 

Action  of  fuming  nitric  acid  mixed  witk  potash  chlorate  on  the  me- 
teoric graphite. — ^The  oxidation  of  graphite  by  this  method  is  well 
known  to  chemists,  it  having  been  first  pointed  out,  as  I  have 
stated,  by  Mr.  Brodie  in  1860,  and  subsequently  by  Berth elot  in 
his  elaborate  memoirs  published  in  the  Annales  de  Chimie  et  de 
Physique,  Fourth  Series,  volumes  xix  and  xxx.  The  result  is  the 
formation  of  a  substance  which  Brodie  called  graphitic  acid  and 
Berthelot  graphitic  oxide,  although  the  compound  invariably  con- 
tains hydrogen  as  an  essential  element  in  its  constitution.  M. 
Berthelot  made  use  of  this  reaction  to  study  the  different  forms  of 
carbon,  finding  that  the  results  of  the  oxidation  varied  with  the 
carbon  from  different  sources,  only  those  forms  of  carbon  known 
as  graphites  proper  furnishing  the  graphitic  oxide.  The  same 
chemist  studied  this  oxidizing  action  upon  the  graphite  from  the 
Cranbourne  meteoric,  iron,  and  also  upon  the  carbon  from  the 
Orgueil  meteorite,  and  found  that,  of  the  two,  only  the  graphite 
from  the  meteoric  iron  gave  rise  to  the  oxide. 

The  study  of  this  subject  I  have  pushed  further,  and  have 
oxidized  the  graphites  from  the  Sevier  County  and  the  De  Kalb 
County  meteorites,  and  have  also  re-examined  that  of  the  Cran- 
bourne iron — having  been  very  liberally  furnished  with  a  specimen 
by  my  friend.  Prof.  Maskelyne,  of  the  British  Museum.  The  car- 
bonaceous matter  from  the  Orgueil  meteorite  has  also  been  sub- 
jected by  me  to  the  saftie  reaction. 

The  details  of  conducting  the  process  were  identically  those 
proposed  by  M.  Berthelot  in  the  memoirs  already  referred  to,  viz., 
to  free  the  powdered  graphite  from  sulphide  of  iron  by  first  treat- 
ing it  with  strong  nitric  acid,  w^j^ing  it  thoroughly  on  a  filter, 
drying  it  and  mixing  it  with  five  times  its  weight  of  potash  chlo- 
rate, then  adding  this  mixture  little  by  little  to  sufficient  fuming 
nitric  acid  to  moisten  thoroughly  the  mass.  In  making  the  mixt- 
ure, I  place  the  nitric  acid  in  a  capsule  and  the  latter  in  a  little 
water  with  a  piece  of  ice,  thus  avoiding  any  risk  of  explosion. 
The  mixture  after  standing  a  few  hours  is  transferred  to  a  ballon 
d'assais,  and  gently  heated  in  a  water-bath  at  a  temperature  from 
50®  to  60*^  C.  for  several  days.     The  result  of  this  action  upon 
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the  graphites  of  the  Sevier  County  and  DeKalh  County  meteoric 
irons  was  the  formation  of  graphitic  oxide,  with  all  the  character- 
istics of  that  furnished  to  Berthelot  by  the  graphite  from  the  Cran- 
bourne  iron,  as  well  as  to  myself  from  this  last  graphite. 

The  conversion  of  the  meteoric  graphite  into  the  oxide  is  more 
rapid  than  that  of  any  terrestrial  graphite  with  which  I  have  ex- 
perimented. The  graphite  soon  changes  from  black  to  green,  and 
finally,  after  two  or  three  applications  of  the  oxidizing  agent,  to  a 
perfectly  white  substance.  This,  when  filtered,  washed,  and  dried 
under  a  bell-glass  with  sulphuric  acid,  gives  a  yellow  powder,  some- 
what adherent.  If  the  oxidizing  action  of  the  nitric  acid  and 
potash  chlorate  be  renewed  several  times  on  the  same  material, 
the  oxide  gradually  diminishes  in  quantity,  and  if  the  process  be 
stopped  after  the  fourth  or  fifth  treatment,  the  oxide  is  very 
gummy,  adhering  to  the  filter  and  preventing  complete  wa4?hing. 
When  dried  on  the  filter  it  adheres  firmly,  but  can  be  detached  by 
moistening  the  filter  and  rubbing  off  the  paper  with  the  finger, 
leaving  tenacious  flaky  films. 

The  reaction  and  decomposition  of  the  oxide  obtained  from 
the  Sevier  graphite  is  the  same  as  that  of  the  oxide  from  other 
sources. 

My  experiments  on  terrestrial  graphites  have  been  confined 
to  the  Siberian,  Cumberland  and  Ceylon  varieties;  and  they  show 
that  the  graphite  under  consideration  differs  from  them  in  being 
more  readily  converted  into  oxide,  it  requiring  only  one  fifth  to 
one  third  of  the  time ;  and  if  the  operation  be  continued  by  fre- 
quently renewing  the  oxidizing  agents,  the  oxide  first  formed 
gradually  diminishes  in  quantity,  being  more  thoroughly  altered, 
like  some  of  those  forms  of  carbon  improperly  ranked  graphites. 

In  fact  it  appears  that  the  meteoric  graphites,  when  tested  by 
this  process,  occupy  a  place  between  graphites  proper  and  ordinary 
carbon,  but  much  nearer  to  the  graphites. 

After  completing  my  examination  of  the  carbon  nodules  of  the 
irons,  my  aim  was  to  see  what  general  deductions  could  be  made 
with  reference  to  the  relations  this  graphitic  material  bore  to  the 
carbon  found  in  the  black  meteoric  stones.  The  material  to  oper- 
ate with  is,  however,  very  rare;  but  I  had  in  my  collection  enough 
for  all  necessary  comparisons,  though  needing  much  more  in  order 
to  obtain  the  peculiar  products  in  sufilcient  quantities  for  chemical 
analysis. 
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The  Alais  Meteorite. 

Two  grammes  of  this  meteorite  were  pulverized  finely  and 
treated  with  boiling  water,  which  dissolved  out  a  small  amount  of 
matter ;  which  substance  has  been  studied  by  others  and  it  is  not 
my  object  to  recur  to  here. 

The  powder  was  then  dried  and  treated  with  pure  ether  in  the 
same  manner  as  the  graphite  from  the  Sevier  iron,  and  the  ether 
allowed  to  evaporate  slowly  at  a  moderate  temperature,  when  the 
sides  of  the  vessel  became  covered  with  acicular  crystals,  mixed 
with  a  few  rhomboidal  crystals.  The  residue  had  a  peculiar  odor, 
similar  to  that  of  the  ether  extract  from  the  graphite  of  the  Sevier 
iron,  which  odor  it  nearly  lost  in  the  same  way  after  several  days* 
exposure  to  the  air.  The  form  and  appearance  of  the  crystals  are 
the  same  as  of  those  obtained  from  that  graphite ;  and  a  portion  of 
the  crystals  detached  and  heated  in  a  small  tube  gave  the  same 
character  or  reaction. 

These  crystals  have  already  been  studied  by  Prof.  Boscoe,  of 
Manchester,  as  carefully  as  could  be  done  with  the  minute  quantity 
at  his  disposal.  My  examination  is  perfectly  in  accordance  with 
his,  and  there  is  no  doubt  that  this  product  and  that  from  the 
graphite  must  be  of  the  same  nature. 

We  must  not  forget  to  mention  that  Prof.  Wohler  was  the  first 
to  call  attention  to  the  hydrocarbon  in  these  black  meteorites 
when  examining  the  one  which  fell  at  Kaba. 

Orgueil  Meteorttb. 

This  meteorite  is  one  of  the  most  interesting  of  all  the  known 
carbonaceous  meteorites.  And  there  are  one  or  two  points  con- 
nected with  it  that  do  not  appropriately  belong  to  this  paper,  of 
which  I  will  furnish  a  note  before  long.  Through  the  liberality  of 
Prof.  Daubr6e,  and  the  Administration  of  the  Garden  of  Plants,  I 
have  been  furnished  with  the  material  on  which  my  investigations 
have  been  made.  This  meteorite  has,  in  most  respects,  been  thor- 
oughly examined  by  M.  Cloez  and  by  M.  Pisani,  and  their  results 
given  in  the  Comptes  Kendus  for  1864.  The  former  chemist  ex- 
amined the  carbonaceous  matter  as  a  whole,  considering  it  to  resem- 
ble humus ;  and  this  on  drying  at  110°  gave  him,  carbon  63.45, 
hydrogen  5.98,  oxygen  30.75. 

I  have,  as  yet,  done  little  toward  the  re-examination  of  this 
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substance,  which  represents  from  four  to  six  per  cent  of  the  entire 
meteorite,  my  examinations  being  made  principally  for  those  cry&i- 
talline  products,  soluble  in  ether  and  bisulphide  of  carbon,  of  which 
I  have  found  about  one  half  per  cent  in  the  meteorite. 

The  powdered  meteorite  was  first  treated  with  water  and  heated 
over  a  water- bath,  and  every  thing  soluble  in  that  menstruum  thor- 
oughly washed  out.  The  soluble  portion,  dried  at  lOO*'  C,  repre- 
sents 8.65  per  cent  of  the  mass.  After  carefully  drying  the  insol- 
uble portion  at  100°  C,  it  was  treated  with  ether  in  the  same  man- 
ner as  the  meteoric  graphite.  The  ether  was  used  in  large  excess, 
and  allowed  to  remain  for  ten  or  twelve  hours  in  contact  with  the 
material ;  the  ether  was  filtered  off,  and  the  residue  on  the  filter 
well  washed  with  ether.  The  etherial  solution  was  evaporated 
slowly,  when  the  same  acicular  crystals  made  their  appearance  as 
in  the  case  of  the  graphite,  and  numerous  rhomboidal  crystals 
were  deposited  in  the  bottom  of  the  beaker.  These  appeared  to 
be  identical  with  those  from  the  graphite.  The  action  of  heat  on 
these  crystals  is  the  same  as  on  those  from  the  Sevier  graphite. 

The  powdered  meteorite  exhausted  by  the  water  and  ether  was 
next  treated  by  the  bisulphide  of  carbon,  when  an  additional  quan- 
tity of  soluble  matter  was  obtained.  On  evaporating  the  bisul- 
phide of  carbon,  a  yellow  mass  remained  having  the  aspect  of  sul- 
phur. This,  when  heated,  gave  evidence  of  being  sulphur  mixed 
with  some  carbon  compound.  And  to  all  appearance  it  was  just 
like  the  substance  obtained  by  similar  treatment  of  the  meteoric 
graphite. 

The  crystals  in  the  upper  part  of  the  vessel  from  which  the 
ether  was  evaporated  being  detached  by  scraping  the  sides  of  the 
vessel  with  a  horn  spatula,  some  bisulphide  of  carbon  was  poured 
upon  the  portions  remaining  attached  to  the  vessel  by  which  it  was 
dissolved.  The  bisulphide  of  carbon  was  subsequently  evaporated, 
when  a  residue  was  left  consisting  of  a  yellow  solid  surrounded  by 
a  dark-brown,  semi-solid  mass  in  minute  quantity.  This  last  is 
evidently  a  carbon  combination  not  contaminated  with  sulphur, 
while  the  yellow  mass  is  sulphur  containing  a  small  portion  of  the 
carbon  compound. 

I  was  enabled  to  obtain  over  400  milligrammes  of  these  mixt- 
ures from  about  50  grammes  of  the  meteorite,  much  the  larger 
portion  being  sulphur.  A  few  attempts  were  made  to  separate 
the  sulphur  from  the  carbon  compound,  but. unsuccessfully ;  and 
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I  soon  saw  that  by  contiouing  my  efforts  I  should  exhaust  the  small 
supply  of  material  without  reaching  any  useful  result.  So  it  was 
thought  better  to  save  what  was  left  of  the  material  as  a  speci- 
men of  it. 

The  other  carbon  meteorites  I  have  not  yet  examined  with 
regard  to  the  points  embraced  in  this  report,  but  I  hope  to  obtain 
sufficient  material  before  long  to  allow  of  this  being  done,  though 
I  do  not  anticipate  any  different  results  from  those  that  have  been 
examined. 

The  Nature  of  the  Hydrocarbon  Found  in  the  Meteoric 
Graphite  and  Carbonaceous  Meteorites. 

That  this  substance  belongs  to  the  meteorites  at  the  time  of 
their  fall  there  can  be  no  doubt ;  for  in  the  carbonaceous  meteorites 
there  is  nothing  to  enable  us  to  account  for  its  formation  in  the 
cabinets  in  which  they  have  been  placed  after  their  fall.  And  in 
the  case  of  the  graphite  nodules  they  were  incased  in  the  interior 
of  an  iron  mass  over  twenty  centimetres  in  diameter;  and,  fur- 
thermore, the  powder  operated  with  was  taken  from  the  interior 
of  a  compact  nodule  of  graphite. 

I  have  been  strongly  inclined  to  consider  this  as  a  hydrocarbon 
containing  combined  sulphur  forming  a  sulph-hydrocarbon.  In 
the  absence  of  chemical  evidence  sustaining  this  view,  I  lay  some 
stress  on  the  peculiar  odor  of  the  ether  extract,  strengthened  by 
a  most  singular  property  of  the  watery  extract  from  the  Orgueil 
meteorite,  of  which  I  will  make  a  short  statement,  reserving  for 
some  future  occasion  any  additional  remarks. 

If  a  small  quantity  of  the  powdered  Orgueil  meteorite,  say  two 
grammes,  be  treated  with  water  and  heated  for  a  short  time  over 
a  water-bath,  no  peculiar  odor  will  be  observed  however  carefully 
examined.  Throw  this  on  a  filter  and  wash  with  water,  then 
evaporate  the  filtrate  to  dryness  over  a  water-bath,  and  during  this 
time  no  odor  will  be  observed.  Allow  the  residue  to  cool,  and  still 
there  is  no  odor.  But  now  throw  upon  the  residue  a  little  water, 
say  half  to  one  cubic  centimetre,  move  the  capsule  around  to  dis- 
^Ive  the  mass,  and  then  on  bringing  it  near  to  the  nose  a  marked 
alliaceous  odor  will  be  perceived,  sometimes  so  strong  as  to  be  dis- 
agreeable, reminding  one  of  the  odor  of  the  oil  of  assafoetida.  That 
it  is  produced  by  a  sulphur  compound  chemists  will  be  apt  to  ad- 
mit, perhaps  a  minute  quantity  of  sulphur  compound  not  unlike  the 
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sulph-hydrate  of  ethylene,  C^  H^  S^;  and  the  needle-shaped  crystals 
may  not  be  far  removed  from  the  solid  quintisulphide  of  ethylene, 
C^H^8^  corresponding  to  sulphur  75.00,  carbon  20.00,  hydrogen 
5.00.  The  crystals  I  scraped  from  the  sides  of  the  beaker — at 
the  upper  part — on  which  the  ether  solution  of  the  Orgeuil  mete- 
orite was  evaporated  to  dryness  gave,  sulphur  79.65,  carbon  15.00, 
hydrogen  3.00. 

In  the  above  analysis  the  amount  of  sulphur  is  well  deter- 
mined ;  but  the  examination  for  carbon  and  hydrogen  was  made 
upon  so  small  a  quantity  that  the  results  can  not  be  relied  upon 
as  very  correct. 

Roscoe  burnt  in  dry  oxygen  .008  gramme  of  the  residue  from 
the  Alais  meteorite,  and  obtained  .010  gramme  of  sulphurous 
acid,  .008  gramme  of  carbonic  acid,  and  .003  gramme  of  water, 
making  sulphur  125  parts,  carbon  54  parts,  hydrogen  10. 

As  the  above  analysis  was  made  with  only  eight  milligrammes, 
of  course  the  results  can  be  considered  only  as  an  approximation ; 
but,  nevertheless,  until  we  get  better  they  must  serve  as  our  only 
guides. 

I  have  not  said  any  thing  about  the  gaseous  carbon  compounds 
found  in  meteorites,  as  these  form  a  separate  study  from  what  is 
designed  in  this  paper,  and  besides.  Profs.  Graham,  Mallet,  Wright, 
and  others  have  already  investigated  their  nature.  Profs.  Wright 
and  Mallet  are  still  engaged  in  this  line  of  investigation. 

Conclusions. 

These,  then,  are  some  of  the  results  of  my  experiments  on  the 
carbon  of  meteorites,  and  they  are  of  great  interest  and  import- 
ance. That  we  should  find  in  the  graphitic  concretions  from  the 
interior  of  a  solid  mass  of  iron  such  substances  as  free  sulphur  and 
a  hydrocarbon,  simple  or  combined  with  sulphur,  having  a  marked 
odor,  was  certainly  not  to  be  expected,  especially  as  we  are  almost 
forced  to  believe  that  the  iron  containing  it  must  have  been  at 
some  period  in  a  state  of  fusion.* 

•  In  an  article  recently  published  by  Dr.  Mohr  (Annalen  der  Chem.  und 
Fharm.,  December,  1876,  p.  267),  he  advances  the  theory  that  meteoric  iron 
and  meteoric  stones  have  been  formed  by  the  agency  of  water ;  his  argu- 
ments are  interesting,  but  far  from  being  sufficient  to  cover  all  the  facts  in 
connection  with  meteorites. 
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The  graphite  nodules  themselves  are  grand  chemical  and  phys- 
ical puzzles  as  Avell  as  all  the  nodular  concretions  in  meteoric  irons ; 
that  they  have  resulted  from  a  process  of  segregation  is  self-evident, 
but  how  marvelous  the  completeness  of  this  segregation,  for  if 
we  analyze  the  iron  even  within  two  or  three  millimetres  of  the 
concretions,  only  traces  of  the  characteristic  constituents  of  the 
nodules  are  here  found.  Then  again,  in  the  case  of  the  troilite 
concretions,  this  sulphide  has  been  separated  from  the  mafs  of  iron, 
and  a  pho-?phide  of  iron  and  nickel  has  been  concreting  along  with 
it;  and  yet  there  seems  to  be  so  great  an  incompatibility  between 
these  two  minerals  that  they  could  not  commingle,  but  the  phos- 
phuret  was  thrust,  as  it  were,  to  the  exterior  of  the  nodule,  there 
to  form  a  thin  covering  to  the  sulphide,  like  the  skin  of  an  orange 
over  the  iuteriial  pulp. 

Again,  the  graphitic  concretions  bear  no  resemblance  to  the 
scaly  graphite  found  in  the  slag  of  iron  furnaces  and  between  the 
crystals  of  cast  iron,  either  in  structure  or  appearance ;  the  fract- 
ured surface  is  more  like  that  of  the  Borrowdale  graphite,  but  the 
oxidizing  action  of  the  nitric  acid  and  potash  chlorate  on  this  last 
differs  somewhat  from  the  action  on  the  meteoric  graphite.  Many 
and  varied  have  been  the  hypotheses  formed  in  my  mind  to  account 
for  the  formation  and  accumulation  of  this  graphite,  but  I  must 
admit  that  I  have  been  forced  at  last  to  abandon  them  all,  as  none 
covers  all  the  facts  of  the  case.  In  appearance  this  graphite  is 
more  like  the  amorphous  carbon  that  is  separated  from  cast  iron, 
but  the  oxidizing  action  of  nitric  acid  and  chlorate  of  potash  at 
once  points  out  their  great  difference,  as  shown  by  Berthelot's  ex- 
periments.* And  although  it  differs  in  appearance  from  the  scaly 
graphite  of  iron,  the  oxidation  of  the  two  are  very  similar.  I  am 
more  inclined  to  adopt  the  suggestion  of  Berthelot,  that  it  may  be 
formed  by  the  reaction  of  bisulphide  of  carbon  upon  incandescent 
iron,  as  this  reaction  is  known  to  give  rise  to  an  amorphous  graph- 
ite analogous  to  the  one  under  consideration,  and  its  association 
with  sulphide  of  iron  would  lend  some  support  to  this  hypothesis; 
and  still  further  the  presence  of  free  sulphur  and  a  carbon  com- 
pound, either  a  hydrocarbon  or  sulph-hydrocarbon,  points  also  in 
that  direction  for  a  solution. 

It  is  very  clear  from  the  present  accumulated  knowledge  of 

*Annale8  de  Chim.  et  de  Physique,  Fourth  Series,  xix,  425. 
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the  geological  occurrences  of  graphite  that  we  must  abaDdon  all 
attempt  to  account  for  its  formation  by  any  one  series  of  reactions 
on  the  interior  of  our  globe ;  for  it  is  to  be  found  in  basaltic  rocks, 
in  the  older  crystalline  rocks,  and  through  all  the  series  of  rocks 
up  to  the  recent  tertiary  formations ;  and  when  we  add  to  this  the 
laboratory  experiments  of  Berthelot,  that  I  have  so  often  quoted, 
this  view  of  the  subject  is  strengthened.  But  on  this  point  I  may 
have  something  more  to  say  in  a  paper  on  the  Ovifak  iron  and  the 
graphite  in  the  basalt  in  which  this  iron  is  found. 

The  carbon  from  the  black  meteorites,  as  the  Orgueil,  Alais, 
etc.,  I  consider  as  having  a  similar  origin  to  that  found  in  the 
irons;  for  I  have  proved  that  they  both  contain  similar  crystalline 
products  soluble  in  ether  and  sulphide  of  carbon,  and  while  the 
carbonaceous  matter  reacts  differently  when  treated  with  nitric 
acid  and  potash  chlorate,  this  may  arise  from  the  difference  of  con- 
ditions under  which  the  reaction  took  place  that  gave  rise  to  it. 

That  the  carbonaceous  matter  in  the  black  meteorites  is  to  be 
regarded  as  a  kind  of  humus  arising  from  organized  matter  is  con- 
trary to  all  we  know  about  humus.  For  if  we  examine  the  min- 
eral constituents  of  these  meteorites,  we  find  them  to  be  a  granular 
mass,  with  particles  more  or  less  impalpable,  composed  essentially 
of  olivine  and  pyroxene,  a  most  unpromising  soil  for  so  luxuriant 
a  growth  of  vegetation  as  must  have  occurred  to  produce  so  abun- 
dant a  percentage  of  carbonaceous  matter  as  that  found  in  the 
Orgueil  meteorite.  The  action  of  caustic  potash  upon  it  is  differ- 
ent from  the  action  of  that  alkali  upon  what  is  commonly  called 
humus  (although  we  must  bear  in  mind  that  humus  is  not  a  well- 
defined  substance,  it  being  commonly  regarded  as  vegetable  mat- 
ter that  has  not  undergone  complete  decomposition  into  water  and 
carbon,  but  by  imperfect  oxidation  was  ponverted  into  a  varied 
mixture  of  carbon  and  certain  organic  compounds  rich  in  carbon, 
some  of  them  soluble  in  caustic  alkalies).  After  the  powdered 
Orgueil  meteorite  has  been  exhausted  by  water,  ether,  and  sulphide 
of  carbon,  caustic  potash  or  soda  dissolves  but  an  exceedingly  mi- 
nute trace  of  the  carbonaceous  matter,  and  even  that  trace  may  be 
a  little  hydrocarbon  not  extracted  from  the  mass  by  the  ether  and 
sulphide  of  carbon.  If  a  portion  of  the  same  be  dried  at  110®  C, 
and  then  heated  in  a  closed  tube,  water  will  not  be  given  off  until 
the  temperature  is  elevated  considerably.  If  the  temperature  be 
further  increased,  only  a  very  slight  odor  is  apparent;  and  this  is 
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another  marked  difference  between  it  and  humus.  If  heated  on 
platinum  foil,  the  carbonaceous  matter  bums  off  very  readily  with 
little  or  no  odor,  leaving  an  abundant  residue.  According  to  my 
experiments  this  combustible  matter  amounts  to  about  4.5  per  cent 
of  the  entire  meteorite. 

It  is  not  at  all  improbable  that  the  carbonaceous  matter  of  the 
black  meteorites  approaches  in  character  the  so-called  hydrated 
carbon  first  pointed  out  by  M.  Eggert,  but  so  clearly  defined  by 
MM.  Schutzenberger  and  Bourgeois  in  a  communication  made  to 
the  Chemical  Society  of  Paris  in  April,  1875,  which  was  obtained 
from  white  cast  iron  by  dissolving  away  the  iron.  But  it  is  a  ques- 
tion in  my  mind  whether  the  carbon  combination  thus  obtained 
from  white  iron  is  to  be  properly  considered  a  hydrated  carbon; 
that  is  to  say,  whether  we  are  to  consider  the  H^O  as  united  to  the 
carbon  in  the  same  way  as  it  is  to  metallic  oxides  to  form  what 
are  known  as  hydrated  oxides.  If,  however,  it  is  to  be  considered 
as  combined  in  a  manner  analogous  to  the  H3O  with  ethyl  to  form 
alcohol,  then  there  may  be  some  plausibility  in  the  hypothesis ;  fer 
it  will  be  remarked,  in  referring  to  the  actions  of  this  hydrated 
carbon,  that  it  in  no  way  resembles  amorphous  or  ordinary  carbon. 

It  is  represented  by  MM.  Schutzenberger  and  Bourgeois  as 
follows:  C":3H"0=carbon  70.95,  hydrogen  3.23,  oxygen  25.80 
per  cent. 

According  to  M.  Cloez,  the  carbonaceous  matter  of  the  Orgeuil 
meteorite,  after  being  dried  at  110®,  was  found  to  be  composed  of 
carbon  63.45,  hydrogen,  5.98,  oxygen  30.75;  and  when  we  con- 
sider that  some  of  this  hydrogen  belongs  to  the  hydrocarbon  now 
known  to  exist  in  that  meteorite,  the  remainder  of  the  hydrogen 
will  approach  near  the  proportion  required  to  form  water  with  the 
oxygen ;  and  the  quantity  of  carbon  that  may  exist  as  a  hydrate 
will  be  slightly  diminished. 

Attempts  were  made  to  separate  completely  all  the  mineral 
matter  from  the  carbon,  but  I  have  failed  to  do  so,  after  using 
fluorhydric  acid  alone  and  in  conjunction  with  nitric  acid,  also 
fluoride  of  sodium  and  sulphuric  acid  with  a  small  amount  of 
water,  then  treating  the  residue  with  cold  nitric  acid.  There  is 
no  difficulty  in  getting  rid  of  a  great  part  of  it,  but  in  every  in- 
stance the  carbonaceous  matter  has  been  altered,  however  care- 
fully the  temperature  was  managed. 

When  this  matter  thus  obtained  is  heated  in  a  closed  tube. 
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after  being  dried  at  110^  C,  it  not  only  furnishes  water  at  about 
260°  C,  but  gives  out  a  very  strong  odor,  somewhat  like  that 
produced  from  certain  bituminous  coals,  at  one  point  resembling 
the  disagreeable  odor  of  an  ignited  cigar  of  a  very  inferior  quality 
of  tobacco.* 

Viewed  in  the  light  of  these  experimental  researches,  the  most 
reasonable  conclusion  is  that  this  carbonaceous  matter  is  not  in 
any  proper  sense  either  carbon  or  humus,  but  a  carbon  compound 
analogous  to  the  one  just  referred  to. 

Future  researches  upon  these  solid  compounds,  resembling  in 
appearance  amorphous  carbon,  such  as  hydrographitic  oxide,  pyro- 
graphitic  oxide,  carbon-hydrate,  and  similar  compounds  that  may 
yet  be  discovered,  will  doubtless  throw  some  light  on  the  true 
nature  of  the  carbonaceous  compound  of  the  black  meteorites. 
So  far  as  our  knowledge  now  extends,  its  formation  and  its  origin 
are  wrapped  in  as  much  obscurity  as  the  origin  of  the  bodies  in 
which  it  is  found. 

What  we  do  know  is  that  this  carbonaceous  matter  occurs  with 
the  same  minerals,  viz.,  olivine  and  pyroxene,  which  are  the  pre- 
dominating constituent  materials  of  all  stony  meteorites;  also  with 
the  nickeliferous  ircrh  found  in  both  the  stony  and  metallic  me- 
teorites ;  and  furthermore,  that  this  carbonaceous  matter  contains 
curious  crystalline  products  soluble  in  ether  and  sulphide  of  carbon, 
which  last  have  been  traced  in  the  graphite  nodules  in  the  interior 
of  the  metallic  meteorites.  Moreover,  in  these  graphite  nodules 
we  have  found  magnesia,  which  is  so  uniformly  a  constituent  of 
the  minerals  of  the  stony  meteorites. 

So  far,  then,  as  our  present  knowledge  goes,  we  know  of  celes- 
tial carbon  in  three  conditions,  viz.,  in  the  gaseous  form,  as  detected 
by  the  spectroscope  in  the  attenuated  matter  of  comets ;  in  mete- 
orites in  the  solid  fornix  impalpable  in  its  nature  and  diffused  in 
small  quantities  through  pulverulent  masses  of  mineral  matter  that 
come  to  the  earth  from  the  celestial  regions ;  also  in  the  solid  formy 
bid  compact  and  hard,  resembling  terrestrial  graphite,  and  this  is 
imbedded  in  metallic  matter  that  comes  from  regions  in  space. 
But  while  we  speak  of  these  as  forms  of  carbon,  I  think  we  should 
be  careful  in  associating  it  in  our  minds  with  the  element  carbon 

*  This  odor  will  be  found  to  belong  to  the  hydrated  carbon  from  cast  iron 
when  heated  in  the  same  way. 
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as  we  UDderstand  it  in  its  pure  state  whether  crystallized  or  amor- 
phous, for  I  can  not  reconcile  the  carbon  vapor  detected  in  comets 
as  simply  that  known  as  pure  carbon  in  the  form  of  an  elastic 
vapor,  nor  are  we  to  circumscribe  ourselves  with  the  notion  that 
this  cosmical  carbon  has  an  organic  origin. 

The  researches  embraced  in  this  communication,  while  in  many 
respects  of  a  novel  character,  are  imperfect  from  their  very  nature, 
both  from  lack  of  material  for  a  thorough  and  complete  study,  as 
well  as  from  the  present  imperfect  methods  of  operating  upon  a 
minute  quantity  of  the  most  interesting  of  the  substances  obtained. 

I  have  therefore  detailed  as  carefully  as  I  could  all  the  results 
as  they  have  developed  themselves,  hoping  that  future  opportun- 
ities may  be  afforded  for  continuing  them  when  new  celestial  mes- 
sengers of  the  carbonaceous  type  shall  visit  our  globe. 
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ARAGONITE  ON  THE  SURFACE  OF  A 
METEORIC  IRON, 

AND  A  NEW  MINERAL  (DAUBRI: ELITE)  IN  THE  CONCRE- 
TIONS OP  THE  INTERIOR  OF  THE  SAME. 


Amer.  Jour.  Science ,  xii,  1876,  pp.  107-110;  Compt.  Rend,,  Ixxxiii, 
1876,  pp.  74-76. 

1.  Incrustation  of  Aragonite. 

The  remarks  in  this  communication  have  reference  to  some  of 
the  masses  of  iron  that  have  been  brought  from  that  region  of 
Mexico  called  the  Bohon  de  Mapinif  or  the  Mexican  desert,  situ- 
ated in  Coahuila  and  Chihuahua,  two  of  the  northern  provinces  of 
Mexico;  the  desert  being  four  hundred  miles  from  east  to  west, 
and  five  hundred  miles  from  north  to  south,  bordering  on  the  Rio 
Grande.  This  region,  so  prolific  in  masses  of  meteoric  iron,  has 
been  described  by  Professor  Burckhardt,  of  Bonn,  as  well  as  by 
myself. 

In  1854 1  described  three  of  the  majsses  (this  Journal,  vol.  xxviii, 
p.  409);  two  of  these  have  been  brought  to  the  United  States, 
one  weighing  125  kilogrammes  and  the  other  630  kilogrammes. 
In  1868  eight  others  were  brought  to  this  country,  the  heaviest 
weighing  325  kilogrammes.  These  I  described  in  1869  (this  Jour- 
nal, Nov.,  1869);  and  in  1871 1  was  enabled  to  give  a  description 
and  an  analysis  of  a  still  larger  one  weighing  about  3,500  kilo- 
grammes, this  last  one  remaining  on  the  western  boundary  of  the 
desert,  near  El  Para. 

We  have  some  account  of  one  even  larger  than  the  last,  lo- 
cated in  the  very  center  of  the  desert.  So  far  as  known,  there 
have  been  found  in  this  locality  not  less  than  15,000  kilogrammes 
of  meteoric  matter,  an  amount  exceeding  that  which  has  been 
brought  together  in  cabinets  from  all  other  sources. 

When  I  examined  the  eight  masses  in  1868  I  noticed  a  white 
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crust  on  a  small  part  of  the  sur&ces  of  two  of  them,  but  at  that 
time  I  could  not  make  any  critical  examination  of  it.  Within  the 
past  few  months  these  irons  have  come  under  my  control,  and 
therefore  I  have  been  enabled  to  examine  the  points  that  had 
been  omitted,  the  most  interesting  of  which  forms  the  subject  of 
this  communication. 

On  one  of  these  masses  of  iron,  weighing  210  kilogrammes, 
there  is  a  small  amount  of  a  white  incrustation  covering  about 
15  square  centimetres  of  the  surface;  and  on  another,  weighing 
275  kilogrammes,  there  is  an  incrustation  which  covered  originally 
over  200  square  centimetres  of  the  sur&<;e,  attached  firmly  to  the 
iron,  and  when  broken  off  (as  most  of  it  has  been  by  careless  hand- 
ling of  the  mass)  it  brings  away  with  it  on  the  under  surface  a 
portion  of  the  iron  that  has  become  oxidized.  Its  thickness  is  from 
one  to  five  millimetres. 

It  is  quite  hard,  scratching  calc  spar  very  readily;  the  sur&ce 
of  it  is  irregular  and  granular.  If  broken  perpendicularly  to  the 
surface  of  the  iron  and  ground  down,  it  will  receive  a  very  good 
polish,  showing  an  irregular  and  wavy  structure  on  many  of  the 
pieces,  and  parallel  to  the  surface  of  the  iron,  with  yellow  and 
dark-brown  streaks  like  the  Gibraltar  limerock ;  it  effervesces  with 
acids,  and  is  an  incrustation  of  aragonite. 

The  following  is  the  composition  of  the  mineral : 

Carbonate  of  lime 93.10 

Sesqiiioxide  of  iron l.OO 

Magnesia trace 

Insoluble  residue 4.60 

Water 1.00 

As  regards  its  formation,  I  am  satisfied  that  the  crust  has  heen 
made  on  the  iron  since  the  fall  of  the  latter.  Conceiving  this  to 
be  the  case,  I  desired  to  know  the  nature  of  the  rock  and  soil 
where  these  meteorites  were  found,  and  I  have  been  able  to  gather 
the  following  particulars  from  Dr.  !Qutcher,  who  collected  the  spec- 
imens under  examination.  This  spot  is  in  an  alluvial  valley  or 
plain  between  two  ranges  of  high  mountains  running  parallel  with 
each  other,  varying  in  distance  from  one  to  three  miles.  The  moun- 
tains at  the  base  are  calcareous  in  formation,  and  in  the  hills  and 
plains  there  are  large  calcareous  deposits.  The  plain  in  many 
places  is  cut  up  with  deep  ravines,  and  several  of  the  specimens 
of  iron  were  found  among  the  stones  and  sand  at  the  bottom  of 
the  ravines,  and  during  heavy  rains  were  washed  or  covered  with 
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water.  It  is,  however,  only  in  wet  seasons  that  the  water  is  found 
remaining  in  the  ravines  and  depressions  of  the  valley,  and  this 
water  is  always  hrackish  to  the  taste,  containing  a  large  amount 
of  mineral  matter. 

Without  giving  any  further  details  of  the  nature  of  this  region 
of  Mexico  where  these  meteorites  were  collected,  sufficient  has  heen 
stated  to  show  the  probable  source  of  the  calcareous  incrustation 
which  I  discovered  upon  two  of  them. 

This  incrustation  on  meteorites  has  been  discovered  but  twice 
before,  and  in  both  instances  by  myself.  One  of  them,  however, 
is  of  so  obscure  and  unsatis&ctory  a  character  that  I  have  not 
given  any  public  notice  of  it.  The  other  is  the  case  of  the  Newton 
County  meteorite  described  by  me  (this  Journal,  II,  vol.  xl,  1865). 
It  is  a  meteoric  stone  belonging  to  the  variety  classified  by  M. 
Daubr^e  as  Syssid^res ;  specimens  of  it  have  been  furnished  by  me 
to  the  museums  of  the  Garden  of  Plants,  Great  Britain,  and 
Vienna,  with  this  incrustation  in  well  defined  particles  of  a  trans- 
lucent character  adhering  firmly  to  the  surface.  The  entire  amount 
of  this  meteorite  yet  known  does  not  exceed  700  grammes,  although 
the  primitive  mass  must  still  exist  in  a  sparsely  settled  region  of 
Arkansas,  and  when  obtained  will  no  doubt  furnish  specimens  with 
a  larger  amount  of  the  calcareous  incrustation  upon  it. 

2.  New  Meteoric  Mineral,  Daijbreelitb. 

Two  of  the  masses  of  iron  above  referred  to  have  been  cut 
across,  the  section  made  on  one  of  them  being  over  fifteen  square 
decimeters;  also  several  transverse  cuts  have  been  made.  In  all 
of  these  sections  a  number  of  nodular  concretions  have  been  ex- 
posed, most  of  them  quite  small,  and  hardly  any  exceeding  a  cen- 
timetre in  diameter.  At  the  first  glance  all  these  nodules  have  the 
appearance  of  very  finely  crystallized  troilite ;  but  a  little  closer 
inspection  reveals  the  fact  that  most  of  these  nodules  have  more  or 
less  of  a  black  mineral  associated  with  it.  I  had  never  seen  any 
thing  of  the  kind  before,  it  being  very  evident  that  it  was  not 
graphite.  As  further  examination  has  proved  it  to  be  a  new  and 
interesting  mineral,  I  have  thought  proper  to  designate  it  after  M. 
Daubr^e,  who  has  done  so  much  in  the  study  and  elucidation  of 
meteoric  minerals. 

Daubr^elite  is  a  black,  lustrous  mineral,  highly  crystalline  in 
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structure,  occurring  on  the  borders  of  the  troilite  nodules,  and 
sometimes  running  acro^  the  center  of  them,  as  may  be  seen  in 
one  of  the  specimens,  where,  in  a  nodule  of  troilite,  a  vein  of  the 
mineral  traverses  the  very  center  of  the  nodule,  which  is  two  milli- 
metres in  width  and  twelve  millimetres  long.  It  has  a  distinct 
cleavage,  but  I  can  not  make  out  its  crystalline  form.  It  is  very 
fragile,  and  in  the  attempt  to  detach  it  from  the  iron,  it  breaks  np 
into  small  fragments  resembling  small  particles  of  molybdenite.  It 
is  feebly  attracted  in  very  fine  particles  when  a  strong  magnet  is 
brought  in  contact  with  it.  This  may  arise  firom  the  presence  of  a 
minute  quantity  of  troilite  which  it  is  very  difficult  to  get  rid  of. 
Pulverized,  it  furnishes  a  perfectly  black  powder,  the  smallest  par- 
ticle of  which  gives  before  the  blow-pipe  a  very  strong  reaction  of 
chromium.  Heated  very  intensely,  it  loses  its  brilliant  color  and 
becomes  a  dull  black. 

The  powdered  mineral  is  dissolved  completely  in  nitric  acid. 
The  solution  is  intensely  green,  and  fiimishes  a  strong  reaction  of 
sulphuric  acid  and  oxide  of  chrome.  The  other  strong  acids  attack 
it  but  slightly. 

This  solubility  in  nitric  acid  readily  distinguishes  it  from  chrome 
iron.  The  quantity  of  mineral  I  was  enabled  to  obtain  pure,  or 
nearly  so,  was  very  small,  the  reaction  of  the  acids  on  the  mineral 
being  nearly  the  same  as  on  troilite.  I  am  enabled  to  separate 
them  only  by  varying  the  strength  of  the  acids,  and  the  length  of 
the  time  they  are  in  contact  with  the  minerals. 

Less  than  one  hundred  milligrammes  were  obtained  of  sufficient 
purity  to  make  out  its  composition,  and  this  amount  furnished  me 
36.48  per  cent  of  sulphur ;  the  remainder  was  chrome  with  nearly 
ten  per  cent  of  iron,  and  a  little  carbonaceous  matter.  This  min- 
eral, when  obtained  pure  and  in  sufficient  quantity  for  a  thorough 
analysis  (which  I  hope  to  make  before  long),  will,  I  am  satisfied, 
prove  to  be  a  protosulphide  of  chrome.  The  iron  present  being 
mixed  with  the  daubr^elite.  The  following,  therefore,  would  ex- 
press its  true  composition :  sulphur  37.62,  chrome  62.38. 

This  mineral  is  an  interesting  one,  and  is  found  in  a  very 
strange  place,  yet  from  what  is  revealed  to  us  by  the  spectroscope 
with  regard  to  the  vapors  surrounding  the  sun,  the  element  chrome 
must  be  widely  diffused  in  the  matter  of  the  universe. 


Digitized  by 


Google 


AN  ACCOUNT  OF  A  NEW  METEORIC  STONE 
THAT  FELL  ON  MARCH  25,  1865,  IN 
WISCONSIN,  AND  IS  IDENTI- 
CAL WITH  THE  MENO 
METEORITE. 


Amer.  Jour.  Science,  xii,  1876,  pp.  207-209;  Comjpt.  J?end.,lxxxiii, 
1876,  pp.  161-163. 

The  Wisconsin  meteorite,  which  fell  on  the  25th  of  March, 
1865,  and  is  one  of  much  interest,  attracted  no  attention  at  the 
time  of  its  fall  outside  of  the  immediate  neighborhood  where  it 
was  observed,  a  fact  due  to  the  comparatively  sparsely  inhabited 
nature  of  the  country.  It  was  brought  to  my  attention  only  a  few 
months  ago  by  one  living  in  a  region  not  far  from  where  it  fell. 
He  sent  me  a  small  fragment  which  had  been  presented  to  him, 
and  so  identical  was  it  in  its  appearance  to  the  Meno  meteorite  that 
fell  in  1861,  that,  not  having  heard  of  any  fell  at  the  period  when 
this  one  was  said  to  have  been  found,  I  considered  it  at  first  a  frag- 
ment of  that  rare  meteorite  which  had  found  its  way  to  that  part 
of  the  country.  But  on  further  inquiry  and  search  I  was  soon  sat- 
isfied that  it  was  a  piece  of  an  undescribed  meteorite;  I  have 
designated  it  as  the  Claywater  meteorite. 

The  following  is  the  account  I  have  been  able  to  gather  in  rela- 
tion to  its  fall : 

In  Vernon  County,  State  of  Wisconsin,  about  latitude  43°  30', 
longitude  91*^  10',  at  nine  on  the  morning  of  the  25th  of -March, 
1865,  a  body  was  seen  by  several  persons,  passing  rapidly  through 
the  atmosphere,  accompanied  with  a  loud  rumbling  noise.  It  was 
luminous  and  showed  flashes  of  light.  Its  course  was  from  north- 
west to  southeast,  and  it  exploded  at  a  supposed  altitude  of  four 
miles.  At  the  time  that  the  small  fragments  were  thrown  off  from 
the  main  body  a  noise  like  the  rolling  of  musketry  was  heard. 
The  main  body  seemed  to  have  a  rotary  motion,  making  about  one 
revolution  in  two  seconds  of  time. 
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The  observer  from  whom  the  above  facts  were  obtained  thinks 
that  the  main  body  did  not  faU  but  passed  into  space. 

No  fragments  were  found  until  about  five  days  after  the  fall, 
when  two  were  discovered,  weighing  in  all  fifteen  hundred  grammes. 
The*  curves  of  the  surfaces  of  these  fragments  would  indicate  that 
tliey  had  pertained  to  a  mass  having  a  diameter  of  about  thirty 
centimetres.  No  data  were  obtained  by  which  to  calculate  its 
velocity,  but  the  observer  already  referred  to  says  that  it  was 
variously  estimated  from  fifteen  to  twenty-five  miles  per  second. 
Of  the  two  fragments  that  fell,  one  has  been  lost  or  destroyed, 
the  other  has  been  placed  in  my  possession  by  Mr.  Claywater,  who 
made  the  observations  already  recorded,  and  to  whom  we  are  in- 
debted for  the  preservation  of  what  we  have  of  this  interesting 
meteorite,  for  it  differs  in  its  physical  aspects  from  any  yet  ob- 
served in  this  country. 

The  fragment  in  my  possesion,  and  which  is  all  that  has  been 
recovered  from  this  fall,  weighed  seven  hundred  grammes ;  about 
one  third  of  the  surface  was  covered  with  a  thick,  dull,  black 
crust;  the  fractured  surfaces  are  quite  granular,  and  its  structure 
porous ;  it  belongs  to  the  hard  variety  of  meteoric  stones.  Exam- 
ined with  a  glass  the  grains  are  of  a  dirty  green  color  with  a  greasy 
aspect,  and  in  some  places  have  a  globular  structure.  Particles  of 
iron  are  disseminated  abundantly  through  the  mass,  and  particles 
of  troilite  are  also  visible. 

Its  specific  gravity  is  3.66  and  it  is  composed  of 

Stony  matter 78.88  per  cent. 

Metallic  particles 17.07        " 

Troilite 4.60 

100.00 

The  stony  matter  treated  with  aqua-regia  furnished 

Soluble  mater   47.20  per  cent. 

Insoluble  matter 62.80        " 

100.00 
The  composition  of  these  two  portions  are — 

Soluble.  Insoluble. 

Silica 32.66  57.41 

Protoxide  of  iron   80.40  9.50 

•         Alumina trace  4.00 

Magnesia  85.80  22.80 

Lime 3.70 

Soda    60  2.01 

99.86  99.42 
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The  metallic  particles,  completelj  separated  from  the  stony 
portion,  are  composed  of 

Iron 92.16 

Nickel    7.87 

Cobalt 28 

Ph^phoms}^®^y"^^"^*^*l^^^^^*y5   not  estimated.    — 

In  regarding  the  above  analysis,  it  is  very  evident  that  the 
meteorite  is 

Bronzite,  with  probably  a  little  anorthite 41.86 

Hyalosiderite  (olivine) 30.98 

Nickeliferous  iron 17.07 

Troilite 4.60 

As  I  was  not  able  to  find  any  analysis  of  the  Meno  (Alt  Stre- 
litz,  Mecklenburg)  meteorite,  which  fell  October  1, 1861,  at  midday, 
and  as  the  physical  aspects  of  the  one  just  described  were  so  strik- 
ingly similar  to  those  of  the  Meno,  I  was  interested  to  ascertain 
the  mineralogical  and  chemical  relations  of  the  two. 

An  examination  was  made  of  this  last  meteorite,  the  result  of 
which  is  placed  in  contrast  with  those  obtained  from  the  Claywater 
meteorite. 

Claywater.  Meno. 

Stony  matter 78.33  77.76 

Metallic  particles 17.07  18.00 

Troilite 4.60  4.24 

100.00  100.00 

Stony  part,  soluble 47.20  48.76 

Stony  part,  insoluble 52.80  61.24 

100.00  100.00 

Stony  Part,  Analyzed  as  a  Whole. 

Silica 44.98  56.70 

Protoxide  of  iron  and  alumina 21.95  22.26 

Magnesia 29.30  28.97 

Lime 1.80  1.85 

Soda 1.32  1.20 

99.35  98.98 

Metallic  Particles. 

Iron 92.15  91.86 

Nickel 7.37  7.58 

Cobalt 28  .13 

Copper  and  phosphorus,  traces  in  both. 

Specific  gravity 8.66  8.65 
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It  will  be  observed  that  the  specific  gravity  of  the  Meno  here 
given  is  lower  than  that  stated  in  Poggendorf's  Annalen,  cxvii, 
637,  it  being  there  given  as  4.1;  but  this  must  have  been  taken 
with  a  fragment  containing  some  large  particles  of  iron.  My  de- 
termination was  made  on  two  good  average  fragments  broken  from 
a  very  fine  specimen  sent  me  by  the  late  Wm.  Neville,  of  London, 
which  were  examined  in  my  usual  method,  viz.,  after  weighing  the 
fragment  to  immerse  it  in  water  contained  in  a  small  vessel,  and 
placing  this  beneath  the  receiver  of  an  air-pump,  thereby  extract- 
ing all  the  air  from  the  surface  and  cavities,  and  completing  the 
process  in  the  usual  way. 

In  regarding  the  above  comparative  statement  of  the  composi- 
tion of  these  meteorites,  it  will  be  seen  that  the  compositions  of 
the  two  as  made  out  by  me  do  not  differ  more  than  those  of  the 
two  fragments  of  the  same  meteorite,  while  they  both  differ  in  their 
physical  aspects  from  the  ordinary  type  of  meteorites,  and  in  fact 
they  have  few  or  no  parallels  in  the  collections  of  these  bodies ; 
there  are  certainly  none  in  mine,  embracing  stony  meteorites  rep- 
resenting over  one  hundred  falls. 
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STONE,  BATES  COUNTY  METEORIC  IRON, 
AND   ROCKINGHAM  COUNTY  ME- 
TEORIC IRON. 


Amer.  Jour,  of  Science,  xiii,  1877,  pp.  211-214. 

The  meteorites  under  consideration  have  been  known  for  some 
little  time,  Prof.  C.  U.  Shepard  having  given  a  notice  of  the  Wa- 
conda  meteoric  stone  in  this  Journal  of  June,  1876,  he  having 
acquired  the  larger  portion  of  it ;  the  remainder  has  been  kindly 
presented  to  me  by  G.  W.  Chapman. 

The  existence  of  the  Bates  County  meteoric  iron  was  announced 
by  Prof.  G.  C.  Broadhead  (American  Journal  of  Science,  Nov. 
1875)  to  whom  I  am  indebted  for  a  large  portion  of  the  original 
mass. 

Waconda  Meteorite. 

One  feature  to  be  noticed  in  connection  with  this  meteoric  stone 
is  that  the  time  of  its  fall  is  not  known ;  it  having  been  discovered 
in  a  ravine  near  the  village  of  Waconda,  in  Kansas  (lat.  39°  20', 
long.  98°  IV).  While  there  are  three  or  four  of  these  softer  me- 
teoric stones,  consisting  almost  exclusively  of  stony  matter,  the 
exact  time  of  whose  fall  is  not  known,  there  is  every  reason  to 
suppose  that  their  falls  were  observed,  and  that  they  were  col- 
lected at  the  time ;  but  falling  in  remote  places,  and  on  the  lauds 
of  those  not  accustomed  to  note  precisely  the  dates  of  natural 
phenomena,  the  exact  date  of  the  fall  was  forgotten  when  it 
reached  those  who  were  interested  in  these  bodies. 

In  the  present  instance  nothing  was  known  to  lead  to  its  discov- 
ery, and  it  was  simply  gathered  up  by  an  inhabitant  of  a  sparsely 
settled  region  and  laid  aside  on  account  of  its  singular  appearance, 
and  was  only  recognized  as  a  meteorite  some  time  afterward  by 
one  who  had  some  knowledge  of  these  bodies.     Although  but 
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recently  brought  to  notice  it  was  discovered  two  years  ago,  and 
I  am  inclined  to  believe  that  its  discovery  must  have  been  made 
not  very  many  months  after  its  fall,  as  otherwise  it  would  have 
undergone  more  thorough  decomposition;  as  it  is,  the  interior  is 
marked  with  large  blotches  of  oxide  of  iron  arising  from  oxi- 
dation of  the  particles  of  iron  by  the  water  penetrating  from 
without. 

This  exposure  has  doubtless  had  something  to  do  with  its  ina- 
bility as  a  whole,  for  many  parts  of  it  are  quit€  firm  where  the 
iron  is  not  oxidized,  and,  as  Prof.  Shepard  says,  it  has  the  average 
cohesion  of  this  class  of  meteoric  stones.  As  he  has  already  given 
a  general  description  of  it  I  will  not  repeat  it  here,  but  proceed  at 
once  to»give  my  chemical  and  mineral  analyses. 

The  specific  gravity  of  pieces  from  the  interior  varied  from  3.4 
to  3.6,  and  when  separated  mechanically  consisted  of 

Stony  matter 90.81 

Nickel  iron 5.84 

Troilite 8.85 

The  amount  of  the  last  mineral  was  made  out  by  chemical 
{^nalysis.     The  nickel  iron  contains 

Iron 86.18 

Nickel 12.02 

Cobalt 91 

Copper , 04 

Phosphorus,  not  estimated. 

The  stony  part  treated  with  large  excess  of  aqua  regia  gave 

Soluble  part 69.00 

Insoluble  part 41 .00 

Composed  of  g^l^^l^  insoluble. 

Silica 34.52  54.02 

Protoxide  of  iron 30.01  18.10 

Magnesia 32.50  28.45 

Alumina 48  2.80 

Manganese 61  .36 

Soda,  with  trace  of  potash  and  lithia,         .89  1.58 

Lime trace 

The  analysis  clearly  shows  that  the  stony  part  of  this  meteorite 
consists  of  the  usual  mixture  of  olivine  and  pyroxene  minerals; 
the  hyalosiderite  predominating  in  the  former,  and  bronzite  in  the 
latter. 

Two  minerals  were  detached  in  small  quantities  and  analyzed 
separately.     The  first  was  a  dark  colored  mineral,  readily  seen  in 
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small  parcels  and  veins ;  this,  freed  as  far  as  possible  from  the 
adhering  minerals  was  found  to  be  soluble  in  strong  hydrochloric 
acid,  and  the  prolonged  action  of  this  acid  on  the  mineral,  heated 
over  the  water-bath,  decomposed  it  very  nearly  completely ;  it  is 
composed  as  follows: 

Silica 41.10 

Protoxide  of  iron 27.20 

Magnesia 28.81 

Aluminai • 80 

Manganese 32 

Soda 1.86 

Its  solubility  in  chlorhydric  acid,  and  its  composition,  clearly 
point  it  out  to  be  of  the  olivine  type. 

The  other  mineral  was  found  only  on  one  part  of  my  specimens, 
and  there  in  the  form  of  a  white  crystalline  mass  not  exceeding  in 
weight  20  milligrammes ;  it  looked  at  first  sight  like  enstatite,  but 
there  was  sufficient  difference  in  its  aspect  to  lead  me  to  detach  a 
few  milligrammes  and  test  it;  when  I  found  it  readily  and  com- 
pletely soluble  in  hydrochloric  acid,  and  as  far  as  it  was  possible  to 
decide  on  so  minute  a  quantity  it  appeared  to  consist  only  of  silica 
and  magnesia.  . 

Its  solubility  shows  clearly  that  it  is  not  enstatite,  and  I  can 
only  imagine  it  to  be  of  the  the  olivine  type  and  consisting  entirely 
of  silica  and  magnesia,  occupying  the  same  place  among  the  uni- 
silicates  of  the  meteorites  that  the  enstatite  does  among  the  bisil- 
icates.  I  simply  note  this  fact  here,  not  as  giving  any  very  definite 
result  but  simply  that  it  may  be  looked  into  by  those  investigating 
these  subjects. 

Bates  County  Meteoric  Iron. 

This  meteoric  iron  was  first  made  known  by  a  short  note  in  this 
Journal,  November,  1875,  p.  401.  It  was  discovered  near  Butler, 
in  Bates  County,  Missouri  (lat.  38°  20^,  long.  94°  22').  The  mass 
as  it  reached  me  had  been  in  a  blacksmith's  forge,  it  having  been 
heated  for  the  purpose  of  cutting  off  a  piece.  It  weighed  about 
eighty  pounds  and  was  of  an  irregular  form,  with  nearly  equal 
diameters  in  all  directions ;  it  had  a  thick  coat  of  rust  on  the  sur- 
fi°tce ;  the  metal  is  very  tough,  and  when  cut  across  numerous  nod- 
ules of  troilite  were  found  on  the  interior  free  from  any  schreiber- 
site.  .The  Widmannstattian  figures  are  readily  developed,  and  are 
very  large  and  regular. 
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Its  specific  gravity  is  7.72.     Its  composition  is 

Iron 89.12 

Nickel 10.02 

Cobalt 26 

Copper 01 

Phosphorus 12 

Some  of  the  troilite  was  detached  but  not  analyzed ;  its  specific 
gravity  is  4.73. 

EocKiNOHAM  County  M^eoric  Iron. 

This  meteoric  iron  was  first  brought  to  my  notice  in  1870  by 
Prof.  W.  E.  Kerr,  the  geologist  of  the  State  of  North  Carolina ; 
but  a  short  time  afterward,  seeing  a  notice  of  it  by  Dr.  Genth  in 
the  Proceedings  of  the  Academy  of  Sciences  of  Philadelphia,  and 
as  he  proposed  giving  a  further  description  of  the  same  at  some 
future  time,  I  laid  aside  my  notes  concerning  it ;  but  having  been 
frequently  asked  for  particulars  in  relation  to  it  from  those  possess- 
ing specimens,  I  have  concluded  to  publish  the  notes  made  at  the 
time  it  came  into  my  possession. 

This  iron  was  discovered  in  Eockingham  County,  North  Car-* 
olina,  on  a  spot  known  as  Smith's  Mountain,  two  miles  north  of  the 
town  of  Madison,  about  latitude  36°  20',  longitude  79"*  45'.  It 
was  found  by  Mr.  Peters,  from  whom  Prof.  Kerr  obtained  it  about 
the  year  1863,  and  was  lying  on  the  sur&ce  of  an  old  field  which 
had  been  out  of  cultivation  less  than  twenty  years,  and  for  that 
reason  it  is  supposed  it  may  have  fallen  within  that  time.  It 
weighed  originally  about  eleven  pounds  and  was  covered  with  a 
coating  of  rust.  Its  structure  is  highly  crystalline,  and  when  pol- 
ished and  either  heated  or  acted  on  by  nitric  acid  furnishes  remark- 
ably fine  Widmannstiittian  figures,  with  delicate  markings  on  the 
inside  of  the  figures,  which  I  designated  sometime  ago  as  Lap- 
hamite  markings,  having  first  observed  th^m  on  the  Wisconsin 
iron. 

This  iron  contains  narrow  seams  of  schreibersite  that  penetrate 
the  mass  for  several  centimetres  in  different  directions,  some  of 
them  being  two  or  three  millimetres  in  thickness.  In  one  part  of 
the  iron  I  discovered  some  solid  chloride  of  that  metal,  enough  to 
test  its  nature,  and  I  detached  a  small  fragment  that  is  now  in  the 
Museum  of  the  Garden  of  Plants  at  Paris.  It  attracted  moisture 
after  being  taken  from  a  crevice  in  the  iron,  and  became  quit«  soft. 
This  is  the  second  time  I  have  observed  this  solid  chloride  in  mete- 
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oric  iron.  The  nickeliferous  iron  constituting  the  mass  exhibits 
the  characteristics  common  to  iron  meteorites,  viz:  More  or  less 
diversity  in  the  character  of  the  iron  in  different  parts,  these  vari- 
eties being  so  intimately  associated  that  we  possess  no  means  of 
separating  them.  Dr.  Genth  considers  it  as  composed  of  three 
different  kinds  of  iron. . 

I  selected  a  fragment  perfectly  free  from  any  schreibersite  vis- 
ible to  the  eye;  it  gave  a  specific  gravity  of  7.78,  and  on  analysis 
was  found  to  contain 

Iron 90.88  * 

Nickel   8.02 

Cobalt 50 

Copper 03 

Phosphorus 08 

This  will  be  seen  to  correspond  to  the  analysis  of  Dr.  Genth 
before  referred  to,  which  was  as  follows: 

Iron 90.41 

Nickel  (cobalt) 8.74 

Copper 0.11 

fc  cobaU ; -»  ^  ^''"^P"^^  '"""l""* 


Phosphorus Ol^Jmchlorhydricacid. 


0.27  )p 
0.88  If 
0.14  j" 
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A  DESCRIPTION  OF  THE  ROCHESTER, 

WARRENTON,  AND  CTNTHIANA 

METEORIC  STONES, 

WHIOH  FELL  RESPECTIVELY  DECEMBER  21,  1876,  JANUARY 
3,  1877,  AND  JANUARY  23,  1877.  WITH  SOME  REMARKS 
ON  THE  PREVIOUS  FALLS  OF  METEORITES 
IN   THE  SAME  REGIONS. 


Amer.  Jour.  Science,  xiv,  1877,  pp.  219-229;  Compt.  Rend,,  Ixxxv, 
1877,  pp.  678-683;  Annd.  de  Chimie,  xiii,  1877,  pp.  41-59. 

A  short  notice  of  the  three  meteorites  which  form  the  subject 
of  this  communication  was  published  by  me  shortly  after  their  fall, 
the  detailed  account  of  their  flight  and  fall  having  been  deferred 
until  I  could  make  a  more  thorough  examination.  This  I  am  now 
able  to  do,  as  there  have  been  sent  to  me  the  entire  stone  that  fell 
near  Cynthiana  and  a  large  portion  of  the  fragments  which  have 
been  saved  of  the  other  two. 

The  points  of  interest  in  connection  with  these  three  meteorites 
are  as  follows :  First,  they  fell  within  a  period  of  thirty-two  days* 
and  within  a  circumscribed  territory  of  about  two  degrees  of  lati- 
tude and  six  degrees  of  longitude.  Secondly,  they  diflfer  from  each 
other  in  their  structural  characteristics,  and  each  has  some  pecu- 
liarity distinguishing  it  from  the  ordinary  type  of  meteoric  stones. 
Thirdly,  they  fell  within  a  belt  of  territory,  which  I  shall  show  has 
been  the  lodging  ground  of  all  the  meteoric  masses  that  have  been 
observed  to  fall  and  have  been  collected  in  the  United  States 
during  the  past  eighteen  years,  with  the  exception  of  about  one 
kilogramme. 

1.  Rochester  (Indiana)  Meteorite. 

The  passage  of  this  meteorite  through  the  earth's  atmosphere 
has  left  but  a  small  souvenir  of  its  visit.     It  was  well  observed  at 
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Bloomington,  Indiana,  latitude  39''  12",  longitude  SB""  32",  by  the 
distinguished  astronomer  Professor  Elirkwood,  who  communicated 
to  me  at  the  time  of  his  observations;  and  he  has  subsequently 
given  them  more  in  detail  to  the  American  Philosophical  Society, 
with  the  observations  he  had  collected  from  others.  I  will  there- 
fore simply  give  a  summary  of  the  phenomena  attending  upon  its 
flight  before  describing  the  chemical  and  mineralogical  characteris- 
tics of  the  stone  which  fell. 

The  bolide  made  its  appearance  about  nine  o'clock  p.m.,  Decem- 
ber 21,  1876,  and  was  of  extraordinary  magnificence.  It  passed 
eastward  over  the  States  of  Elansas,  Missouri,  lUinois,  Indiana, 
Ohio,  and  parts  of  Pennsylvania  and  New  York.  Although  no 
observations  were  made  in  the  two  last  mentioned  States,  still  Pro- 
fessor Kirk  wood  is  doubtless  correct  in  defining  this  &s  its  course. 
At  Bloomington  its  elevation  was  fifteen  degrees.  According  to 
the  calculation,  the  length  of  its  observed  track  was  from  1,000  to 
1,100  miles,  one  of  the  longest  on  record.  Its  height  is  supposed  to 
have  been  thirty-eight  miles  above  the  place  where  the  small  frag- 
ment fell  from  it. 

In  various  parts  of  its  track  it  threw  off  fragments,  accom- 
panied with  the  usual  rumbling  noise  and  commotion  in  the  atmos- 
phere common  to  the  flight  of  these  bodies.  When  crossing 
Indiana,  the  main  body  was  followed  by  a  train  of  smaller  bolides, 
many  of  them  of  the  apparent  size  of  Venus  or  Jupiter.  Its 
velocity  in  reference  to  the  earth's  surface  appeared  to  be  from 
eight  to  twelve  miles  per  second.  The  pyrotechnic  display  is  said 
to  have  been  transcendeutly  beautiful,  hardly  equaled  or  surpassed 
by  any  previous  occurrence  of  the  kind.  The  cause  of  this  bril- 
liancy lay  in  the  physical  structure  of  the  body,  which  will  be 
detailed  farther  on. 

The  fragment  which  fell. — ^The  only  fragment  of  this  bolide  known 
to  have  fallen  was  one  found  on  the  farm  of  Mr.  Morris,  three  miles 
northwest  of  Rochester,  Indiana,  latitude  41°,  longitude  86°.  This 
farmer  heard  the  explosion,  and  shortly  afterward  noticed  a  body 
strike  the  ground  not  far  from  him.  There  were  six  inches  of 
snow  upon  the  ground,  and  on  the  following  morning  he  found  the 
stone,  which  had  rebounded  to  a  short  distance  from  the  place 
where  it  first  fell,  it  not  having  penetrated  the  ground.  The  entire 
stone  did  not  weigh  four  hundred  grammes ;  and,  as  we  have  not 
heard  of  the  &11  of  any  other  mass,  it  is  reasonable  to  suppose  that 
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it  was  dissipated  into  very  minute  fragments  and  dust,  as  in  the 
case  of  the  Hessle  stones  and  other  similar  falls. 

The  manner  in  whicb  the  molten  matter  of  the  exterior  of 
many  of  these  meteorites  is  swept  over  their  surfaces,  in  shining 
streaks,  covering  freshly  broken  surfaces,  shows  clearly  that  this 
disintegration  is  constantly  and  rapidly  going  on  in  these  bodies 
during  their  passage  through  the  air.  I  have  in  my  collection 
many  fine  examples  illustrating  this  fact. 

Professor  Kirkwood  is  of  the  opinion  that  this  bolide  never 
passed  out  of  our  atmotphere,  which  is  in  accord  with  my  general 
view  on  this  subject,  viz. ,  that  a  bolide  rarely,  if  ever,  gets  en- 
tangled in  our  atmosphere  without  being  enturely  reduced  to  frag- 
ments or  powder. 

The  stone  has  been  broken  up  into  many  small  fragments,  of 
which  I  have  fortunately  secured  a  good  portion.  Others  have 
been  lost  and  a  few  have  found  their  way  into  collections.  With 
the  exception  of  the  largest  specimen  in  my  collection,  weighing 
ninety-five  grammes,  hardly  any  other  fragment  weighs  over  thirty 
grammes.  It  is  important  to  treasure  these  specimens,  small  as 
they  are,  for  it  is  a  remarkable  stone  of  its  type.  It  is  of  the 
pisolitic  variety,  very  friable,  of  a  gray  color,  easily  crushed  under 
the  fingers  into  light  powder  (some  of  it  to  fine  dust),  and  to  small 
globules,  some  of  them  perfectly  spherical,  of  which  I  have  specimens 
two  millimeters  in  diameter.  It  resembles  more  closely  the  Aussun 
stone  than  any  other  I  know  of,  although  much  more  friable.  This 
peculiar  structure,  so  often  seen  in  many  parts  of  meteoric  stones, 
has  recently  attracted  much  attention.  Professor  Tschennak,  of 
Vienna,  having  recently  published  an  interesting  paper  on  the 
subject.* 

The  specific  gravity  of  the  stone,  taken  with  several  average 
specimens,  is  3.55.  There  is  nothing  peculiar  about  the  coating 
on  the  specimens  I  have  examined ;  it  is  of  a  dull  black  and  quite 
rough. 

Chemical  examinaUon. — ^The  stony  part  of  the  meteorite,  sepa- 
rated almost  perfectly  from  the  metallic  part,  still  contained  a  nota- 
ble portion  of  troilite  that  could  not  be  separated  mechanically. 
The  amount  of  sulphur  found  in  that  part  of  the  meteorite  indi- 
cated the  amount  of  troilite  present,  viz.,  3.31. 

*  Sitzungsb.  Akademie  der  Wissenschaften,  vol.  Ixxi,  p.  661. — Wien. 
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The  stony  material,  when  treated  with  chlorhydric  acid  over  a 
water-bath,  affords,  soluble  part  47.80  per  cent,  insoluble  52.20  per 
cent,  and  is  constituted  as  follows : 

Soluble  part,        Insoluble  part, 
percent  percent 

Silica 34.56  67.81 

Iron  protoxide 27.75  1 1.04 

Alumina trace  .28 

Lime trace  6.81 

Magnesia 86.38  24.97 

Chromium  oxide .10 

Soda 46  .84 

99.14  100.80 

I  separated  some  of  the  globules  perfectly  free  from  the  inter- 
vening matrix,  which  is  easily  done  by  rubbing  a  piece  of  the 
stone  between  the  fingers.  Very  minute  specks  of  iron  could  be 
distinguished  upon  them,  and  when  pulverized  and  treated  with 
chlorhydric  acid  they  give  about  the  same  result  as  the  matrix, 
viz.,  soluble  46.80  per  cent,  insoluble  53.20  per  cent;  and  the 
magnesia  in  the  soluble  part  was  34.48  per  cent,  showing  clearly 
that  they  were  merely  concretions  of  the  matrix  of  the  stone. 

The  nickeliferous  iron,  which  was  separated  mechanically,  is 
composed  of 

Iron 94.49 

Nickel 4.12 

Cobalt 61 

99.12 
The  quantity  of  iron  was  too  small  for  an  examination  of  the 
other  constituents,  as  phosphorus  and  copper,  but  they  were  no 
doubt  both  present. 

Mineral  (xmstUiierda  of  the  stone,  —  Careful  examination  under 
the  microscope  of  the  broken  surface,  as  well  as  of  a  section 
rubbed  down  very  thin,  shows  the  stone  to  be  composed  of  the 
unisilicates  and  bisilicates  usually  found  in  these  bodies,  mixed 
with  nickeliferous  iron  and  troilite ;  nothing  like  anorthine  is  dis- 
tinguishable. The  first  two  minerals  constitute  the  bulk  of  the 
stone,  and  there  is  possibly  more  than  one  variety  of  each  of  these 
minerals  present.  The  nickeliferous  iron  is  quite  abundant,  though 
Prof.  Shepard  states  that  from  a  casual  observation  he  estimates  it 
at  one  per  cent.  By  the  careful  method  adopted  for  separating  it 
I  find  in  two  average  specimens  over  ten  per  cent.  The  particles 
of  iron  are  very  bright  and  lustrous,  looking  as  if  they  were  cov- 
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ered  with  plumbago,  although  there  is  no  evidence  of  the  presence 
of  the  latter  mineral.  The  troilite  is  not  detected  so  readily  by 
the  eye  as  it  is  by  chlorhydric  acid.  One  of  the  spherules  was 
rubbed  down  to  a  thin  section  and  examined  by  polarized  light; 
and  in  this  way  it  was  found  to  contain  both  classes  of  silicates 
referred  to ;  a  fact,  as  already  stated,  sustained  by  chemical  exam- 
nation.  I  consider  the  mineral  constituents  of  the  Bochester  stone 
to  be  about  as  follows : 

Bronzite  and  pyroxene  minerals 46.00 

Olivine  minerals 41.00 

Nickeliferous  iron 10.00 

Troilite 3.00 

Chrome  iron 15 

2.  Warrenton  (Missouri)  Meteorite. 

About  sunrise  on  the  3d  of  January,  1877,  five  miles  from 
Warrenton  in  the  State  of  Missouri,  lat.  38°  50',  long.  Ol^'lO',  a 
sound  was  heard  by  certain  observers  similar  to  the  whistle  of  a 
distant  locomotive,  or,  as  stated  by  others,  like  the  passage  of  a 
cannon-ball  through  the  air.  The  sound  came  from  the  northwest, 
and  became  louder  and  louder  to  four  observers  near  Warrenton. 
Upon  looking  up  they  saw  an  object  falling,  which  struck  a  tree, 
breaking  off  the  limbs,  and  then  coming  to  the  ground  with  a 
crash.  The  observers  were  fifty  or  sixty  metres  distant  from  the 
spot  where  it  fell.  On  approaching  the  place  they  saw  a  mass  of 
stone  broken  into  a  number  of  pieces.  From  the  fragments  they 
suppose  it  to  have  been  originally  of  a  conical  form,  and  about 
eighteen  inches  iti  length.  The  snow  was  melted  and  the  frozen 
ground  thawed  near  where  it  fell,  but  the  pieces,  although  warm, 
were  easily  handled.  The  weight  was  estimated  to  have  been  about 
one  hundred  pounds  ;  but,  whether  this  estimate  be  correct  or  not, 
only  about  ten  or  fifteen  pounds  of  fragments  have  been  preserved, 
a  good  portion  of  which  is  in  my  possession,  mostly  in  small  frag- 
ments ;  some  specimens  are  in  the  cabinet  of  Yale  College,  and 
others  scattered  about  among  the  inhabitants  of  the  country  where 
it  fell. 

As  regards  its  temperature  at  the  time  of  falling,  I  would  say 
that  I  have  a  specimen  which  gives  as  it  were  a  satisfactory  record 
that  it  was  not  very  hot  when  it  struck  the  tree,  for  a  portion  of 
the  fibers  of  one  of  the  branches  is  adhering  to  the  surface,  entan- 
gled in  the  rough  crust  of  the  stone,  and  these  delicate  fibers  show 
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not  the  slightest  signs  of  having  heen  heated.  A  fact  to  be  noted 
in  connection  with  the  fall  of  this  meteorite  is,  that  no  explosion 
was  heard,  or  any  luminous  phenomena  produced  by  its  passage 
through  the  air  after  it  was  first  noticed ;  this  may  be  in  part  due 
to  the  fact  that  the  &11  happened  at  sunrise ;  but  it  was  no  doubt 
a  meteorite  well  spent  in  its  rapid  motion  through  the  atmosphere, 
and  dropped  quietly  like  an  exhausted  bird  in  its  flight.  Its  direc- 
tion, so  far  as  made  out,  was  from  northwest  to  southeast. 

Aspect  of  the  stone. — Studied  by  the  various  fragments  that  are 
under  my  observation  it  differs  in  a  marked  degree,  although  piso- 
litic,  from  the  one  just  described,  and  which  fell  only  a  few  days 
previously.  It  has  its  own  points  of  peculiar  interest,  and  is  not 
like  any  meteorite  that  I  am  familiar  with,  except  the  Ornans  me- 
teorite, which  fell  July  11,  1868;  and  this  it  resembles  closely  in 
every  particular,  as  may  be  seen  by  comparing  my  results  with 
those  of  Pisani  (Comptes  Rendus  Acad.  Science,  1868,  vol.  ii,  p. 
663),  although  his  method  of  recording  the  analytical  results  is 
different  from  mine,  and  the  specific  gravity  as  made  out  by  him 
is  higher  than  mine,  which  is  not  singular  in  different  specimens  of 
these  porous  bodies.  Its  crust  is  dull  black  and  quite  thick;  in 
many  places  of  several  centimetres  square  from  two  and  one  half 
to  three  and  one  half  millimetres  thick  (the  thickest  I  have  ever 
seen),  where  the  crust  is  a  rough  scoria  that  sometimes  terminates 
abruptly  on  a  smooth  portion  of  the  crust,  and  is  doubtless  pro- 
duced by  the  melted  matter  on  the  surface  being  forced  backward 
and  opposite  to  the  direction  of  the  flight  of  the  stone,  being  swept 
off  one  portion  of  the  surface,  and  leaving  this  part  smooth  and 
piled  Up  behind  it  in  the  form  of  a  surface  of  scoria. 

The  interior  of  the  stone  has  a  uniform  dark  ash-color,  and  is 
soft  and  easily  crushed;  the  latter  fact  accounts  for  its  having 
broken  into  fragments  as  it  struck  the  ground.  Its  specific  gravity 
is  3.47,  and  the  amount  of  metallic  matter  contained  in  it  is  small. 

Chemical  composition. — The    stone   pulverized   and   freed  from 

metallic  particles  gave  on  analysis  an  amount  of  sulphur  equal  to 

3.51  per  cent  of  troilite;    the  amount  of  nickelifierous  iron  was 

small,  being  equal  to  2.01  per  cent.     The  stony  minerals  treated 

with  chlorhydric  acid  gave — 

•^  ®  Per  cent. 

Soluble  in  acid 80.40 

Insoluble  in  acid 19.60 

composed  as  follows : 
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Soluble.  Insoluble. 

Silica 33.02  66.90 

Iron  protoxide 87.67  10.20 

Alumina 12  .20 

Lime trace  7.62 

Magnesia 28.41  22.41 

Soda 07  1.00 

Nickel  oxide 1.54 

Cobalt  oxide 81 

Chromium  oxide .33 

101^  97.66 

I  obtained  chrome  oxide  thirty-three  per  cent,  indicating  0.50 

of  chrome  iron,  if  the  chrome  be  present  in  that  form.     There  is 

no  way,  however,  by  which  I  can  decide  this  question,  although  it 

is  probable,  since  the  chrome  is  in  the  insoluble,part ;  the  oxide  of 

nickel,  with  the  exception  of  perhaps  a  minute  portion,  belongs  to 

the  composition  of  the  soluble  silicates. 

The  nickdiferous  iron  contained  in  this  stone  is  very  small  in 

quantity.     This  on  analysis  gave 

Iron ; .     88.51 

Nickel 10.21 

Cobalt 60 

~99!82 
Mineral  congtltnents  of  the  Warrenton  Meteorite. — A  microscopic 
examination  did  not  give  me  any  clear  indications,  for  it  is  not 
possible  to  prepare  a  good  section  for  observation.  Its  chemical 
examination,  however,  shows  the  usual  uni-  and  bi-silicates  of  the 
olivine  and  bronzite  and  pyroxenic  types.  The  most  marked  feat- 
ure is  the  preponderance  of  the  olivine  minerals,  constituting  four 
fifths  of  the  mass.  The  proportion  of  the  mineral  constituents 
is  about  as  follows : 

Olivine  minerals 76.00 

Bronzite  and  pyroxenic  minerals 18.00 

Nickeliferous  iron 2.00 

Troilite 3.60 

Chrome  iron 50 

3.  Cynthiana  (Kentucky)  Meteorite. 
I  have  called  this  the  Cynthiana  stone,  although  it  fell  nine 
miles  from  that  place  in  Harrison  County,  Cynthiana  being  the 
nearest  important  point  to  the  place  where  it  fell.* 

*  I  will  take  occasion  just  here  to  correct  an  error  that  I  have  seen  in 
several  catalogues,  among  them  those  of  Vienna,  the  British  Museum,  and 
the  Garden  of  Plants.  These  catalogues  designate  the  meteoric  fall  de- 
scribed by  me  in  1859  as  that  of  Harrison  County,  Kentucky:  it  should  read 
Harrison  County,  Indiana. 


Digitized  by 


Google 


DESCRIPTION  OF  THE  ROCHESTER  METEORIC  STONE,  ETC.        535 

At  four  o'clock  p.  m.,  on  the  23d  of  January,  1877,  a  brilliant 
bolide  was  seen  traversing  Monroe  County,  Indiana,  in  a  south- 
easterly direction,  about  thirty-five  degrees  above  the  horizon.  The 
same  bolide  was  observed  by  a  number  of  persons  in  Decatur 
County,  of  the  same  State,  latitude  39°  27',  longitude  85°  28',  and 
it  disappeared  just  as  it  seemed  to  touch  the  earth,  apparently  not 
more  than  a  quarter  of  a  mile  distant.  As  will  be  seen  it  fell  about 
sixty  miles  distant  from  these  places.  It  seemed  to  fall  almost  per- 
pendicularly toward  the  earth's  surface.  I  can  not  learn  that  it  was 
seen  by  any  one  in  the  State  of  Ohio,  but  suppose  that  it  was.  In 
the  State  of  Kentucky  it  was  seen  over  a  considerable  territory. 
The  phenomena  culminated  in  the  usual  noises  heard  in  the  heav- 
ens accompanying  the  approach  of  these  bodies,  and  much  conster- 
nation was  produced  among  the  inhabitants  of  the  surrounding 
country.  Fortunately  one  of  the  observers,  an  intelligent  farmer 
(Mr.  Cragmyle),  heard  a  solid  body  strike  the  ground ;  he  walked 
immediately  to  the  spot,  and  dug  the  stone  from  a  depth  of  thirteen 
inches,  to  which  extent  it  had  penetrated  the  ground.  A  few  days 
after  its  fall  and  before  it  had  become  generally  known,  Prof.  Kirk- 
wood  wrote  me  a  letter,  stating  what  observations  had  been  made 
in  Indiana,  and  telling  me  to  look  out  for  a  meteoric  fall  some- 
where about  the  region  where  the  stone  did  fall.  I  had,  however, 
made  the  observations  and  secured  the  meteorite  before  his  letter 
arrived,  but  the  stone  had  not  yet  been  forwarded  to  me. 

Character  of  the  stone. — It  is  wedge-shaped,  with  one  portion  of 
it  very  extensively  and  regularly  pitted,  while  the  rest  is  compar- 
atively smooth.  The  crust  is  dull  black,  and  as  it  reached  me  it 
was  as  perfect  as  when  it  fell.  There  was  a  fresh  broken  spot  of 
two  or  three  square  centimetres,  which,  to  a  casual  observer,  would 
appear  to  have  been  made  after  the  fall ;  but,  upon  close  examina- 
tion, I  saw  that  it  had  been  made  prior  to  the  fall,  and  before  the 
melted  matter  of  the  surface  had  entirely  cooled,  for  a  few  small 
specks  of  this  matter  have  been  sprinkled  on  this  broken  surface, 
to  which  it  firmly  adheres,  and  the  molten  matter  is  running  over 
one  border  of  it.  This  could  not  have  arisen  from  any  fusion  of 
that  surface,  which  is  too  fresh  and  unaltered  to  have  been  heated 
to  any  high  degree.  The  fracture  was  produced  by  the  same  cause 
that  produced  the  pitting.* 

•  This  is  clearly  and  fully  set  forth  by  Professor  Maskelyne,  in  the  Phil- 
Magazine,  August,  1876. 
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The  weight  of  the  stone  is  six  kilogrammes.  It  is  of  the  harder 
brecciated  variety,  and  when  broken  presents  a  mottled  surface 
identical  with  that  of  the  Pamallee  stone,  which  it  resembles  also 
in  every  other  particular,  the  very  pale-yellow  round  spots,  some- 
times iive  or  six  millimetres  in  diameter,  are  disseminated  through 
the  two  alike;  and  so  with  the  troilite,  the  globular  structure  in 
some  parts,  and  a  few  specks  of  a  black  siliceous  mineral ;  and,  by 
a  singular  coincidence,  the  specific  gravity  of  the  part  I  tested  is 
identical  with  that  as  made  out  by  Maskelyne,  viz.,  3.41.  Under 
the  microscope  it  presents  the  appearance  described  by  the  same 
author. 

Chemical  examination. — The  stony  material  freed  from  metallic 
iron  consisted  of 

Matter  soluble  in  chlorhydric  acid 56.50 

Matter  insoluble.in  chlorhydric  acid 48.50 

Some  of  the  soluble  part  was  composed  of  troilite,  which  I 
could  not  separate  mechanically,  but  is  deducted  in  the  following 

analysis  :  soluble  part.      Insoluble  part. 

Silica 33.65  57.60 

Iron  protoxide 80.88  11.42 

Alumina 11  .43 

Lime trace  6.70 

Magnesia 34.61  23.97 

Chromium  oxide .38 

Soda 1.24 

99.20  100.74 

The  portions  examined  contained  nickeliferous  iron  5.93  per 

cent,  consisting  of 

Iron 90.64 

Nickel 8.35 

Cobalt 73 

99.72 
Mineral  constituents  of  the  Cynthiana  stone. — The  minerals  in  this 
stone  are  quite  easily  distinguished  by  the  eye,  but  are  very  much 
more  conspicuous  under  a  moderate  magnifying  power,  especially 
the  round  and  distinct  concretions  of  a  light-yellow  bronzite.  The 
troilite  and  metallic  specks  and  filaments  are  also  easily  seen. 

No  attempt  was  made  to  separate  the  stony  minerals  in  suffi- 
cient quantity  for  analysis;  quantitative  tests  were  made  to  dis- 
tinguish their  character.  From  the  chemical  examination  pre- 
viously made  I  deduce  the  following  as  about  the  proportion  of  the 
mineral  constituents : 
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Olivine  minerals 60.00 

Bronzite  and  pyrozenic  minerals 80.00 

Nickeliferous  iron 6.00 

Troilite 6.60 

Chrome  iron 62 

There  were  no  distinct  crystals  of  minerals  visible  either  to  the 
unaided  eye  or  with  a  lens. 

4.   Remarks  on  the  Reoion  where  these  Meteorites  Fell. 

In  the  study  of  the  three  aerolites  just  described  it  is  interesting 
to  note  the  relation  of  the  region  where  they  fell  to  that  of  pre- 
vious falls  of  recent.date. 

During  a  period  of  less  than  eighteen  years  there  have  been 
twelve  falls  of  meteoric  stones  in  the  United  States,  of  which  speci- 
mens have  been  collected.  All  of  these,  with  one  or  two  excep- 
tions, I  have  described  in  detail,  and  furnished  specimens  to  various 
cabinets  in  this  country  and  in  Europe. 

In  grouping  together  these  twelve  falls  and  estimating  the 
amount  of  meteoric  matter  accompanying  them,  I  have  been 
struck  with  the  singular  fact  that  eight  of  them,  with  over  one 
thousand  kilogrammes  of  matter,  have  occurred  over  the  prairie 
regions  of  the  West,  not  far  from  my  home ;  and  the  extreme 
limits  of  these  falls  is  within  a  region  not  exceeding  one  eighth  of 
the  surface  of  the  United  States,  east  of  the  Rocky  Mountains. 
It  may  be  supposed  that  one  reason  for  this  may  be  that  this  region 
is  more  thickly  populated  than  others,  and  consequently  that  there 
are  more  observers.  This,  however,  is  not  the  case,  for  the  popu- 
lation is  not  much  above  the  average  of  the  country. 

I  have  made  a  map  of  the  region  (see  next  page)  where  these 
eight  falls  occurred,  which  shows  at  a  glance  their  relative  posi- 
tions. The  accompanying  table  gives  a  few  comparative  details  in 
relation  to  each  of  them. 


Nd. 


Time  of  FaU. 


Place  of  Fall. 


Lat. 

Long. 

38°2(y 
40 

I    86°  W 
81    30 

43    80 

91 

39    20 
41    40 
41 

88    60 
38    20 

98    10 
92 
86 

91    10 
84    20 

Estimated 
Weight  of  Fall. 


28th  March,      1859  Harrison  Co.»  Ind., 
Ist  May,  1860, Guernsey  Co.  (Con- 

I  cord),  0., 

25th  March,       1865 1 Claywater  (Vernon 
Co.),  Wis., 

Waoonda,  Eansaa, 


1. 
500. 


kilo. 


Not  known,  1874 
12th  February,  1875 
21st  December,  1876 
8d  January,  1877 
|28d  January,     1877 


Iowa  Co.,  Iowa. 
Rochester,  Indiana, 
I  Warren  ton,  Missouri, 
Cynthiana.  Kentucky, 


40. 
SOO. 

.40 
10. 
6. 


Total,      1060.40  kUof. 
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There  have  been  four  other  fells  in  the  United  States  during 
the  same  period;  but  the  aggregate  weight  of  them  is  less  than 
two  kilogrammes.  They  occurred  respectively,  November  28, 
1868,  latitude  34°  30',  longitude  87** ;  December  9,  1868,  latitude 
34°  30',  longitude  87°  50';  October  6,  1869,  latitude  32°  IQT,  lon- 
gitude 85°;  May  21,  1871,  latitude  44°  30',  longitude  69°  10'. 


^  g  § 

Again,  in  this  region  more  bolides  have  recently  been  observed 

than  in  any  other.     Professor  Kirk  wood  has  described,  as  seen  by 
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him  and  others,  eight  from  July,  1876,  to  February,  1877;  the 
Atones  from  three  of  them  are  those  described  in  this  paper,  the 
others  left  no  evidence  of  their  passage.  By  personal  observation 
I  have  noted,  in  the  last  two  or  three  years,  three  splendid  bolides 
that  were  seen  to  burst  in  the  sky,  but  of  which  no  fragments  were 
found ;  these  I  have  described,  and  still  others  have  been  described 
to  me  by  several  observers.  It  is  a  still  more  striking  circumstance 
that,  in  the  past  sixty  years,  there  have  been  twenty  well-noted 
fells  of  meteoric  stones;  and  of  these  just  one  half  have  fallen 
within  the  region  mapped  by  me  as  including  the  eight  falls  of 
the  past  eighteen  years ;  and  the  weight  representing  them  is  nearly 
twelve  hundred  kilogrammes — an  amount  twenty  times  greater  than 
that  of  the  other  ten  falls  scattered  over  various  regions. 

I  have  mentioned  this  singular  fact,  not  that  it  has  any  cosmical 
significance,  but  simply  as  a  part  of  the  record  I  keep  of  my  ob- 
servations and  study  of  these  curious  links  between  heaven  and 
earth.  Before  very  long  I  hope  to  put  together  my  more  recent 
speculative  studies  in  regard  to  these  bodies. 
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ORIC MINERAL,  DAUBREELITE,  AND  ITS 
FREQUENT,  IF  NOT  UNIVERSAL 
OCCURRENCE  IN  METE- 
ORIC  IRONS. 


Amer,  Jour,  Science,  xvi,  1878,  pp.  270-272;  Compt.  Rend.,  Ixxxvii, 
1878,  pp.  338-340;  Amer,  Amc.  Pro,,  xxvii,  1878,  pp.  147-150. 

When  I  first  announced  the  discovery  of  the  mineral  daubr^l- 
ite,*  the  amount  at  my  disposal  was  only  sufficient  for  the  deter- 
mination of  its  specific  characteristics.  Since  then  I  have  made 
numerous  sections  of  the  first  iron,  which  weighed  about  250  kilo- 
grammes, and  also  sections  of  another  iron  of  200' kilogrammes 
from  the  same  locality  (Coahuila),  and  in  this  last  have  found  the 
nodules  even  more  abundant  than  in  the  first.  Of  the  second  iron, 
I  have  a  section  with  two  polished  surfaces  of  about  900  square 
centimetres  each,  which  show  twenty-five  to  thirty  nodules,  vary- 
ing from  three  to  sixteen  millimetres  in  diameter,  at  least  ten  of 
which  are  from  one  to  one  and  a  half  centimetres  in  diameter, 
and  all  of  them  exhibit  to  the  eye  daubr^elite  in  angular  segre- 
gations. 

The  mineral  used  for  my  first  analysis  I  obtained  by  breaking 
it  out  from  the  nodules  mixed  with  troilite  and  other  impurities, 
depending  on  the  eye  to  separate  the  impurities.  Since  then  I  have 
found  that  chlorhydric  or  fluorhydric  acid  will  attack  the  troilite 
readily  and  not  act  on  the  daubr^elite,  and  thus  a  method  has  been 
adopted  by  which  the  mineral  is  obtained  more  abundantly  and 
quite  pure.  The  shavings  and  cuttings  procured  in  making  the 
sections  were  used  (several  kilogrammes  of  which  were  at  my  com- 
mand) ;  the  fragments  of  iron  were  separated  by  a  large  magnet, 

*  American  Journal  of  Science,  III,  xii,  109,  August,  1876. 
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and  the  small  particles  left  behind  consisted  essentially  of  troilite 
and  daubr^elite;  for  the  former  is  only  feebly  magnetic  and  the 
latter  not  at  all  so.  Strong  chlorhydric  acid  is  next  added  to  this 
last  portion  and  gently  warmed  over  a  water-bath ;  the  troilite  is 
readily  attacked ;  after  a  time  the  first  acid  is  poured  off  and  a  fresh 
portion  added  and  the  digestion  continued  over  a  water-bath  from 
one  to  three  hours ;  the  residue  contains  a  good  deal  of  light,  black 
matter  that  is  easily  washed  away  (this  last  has  not  yet  been  thor- 
oughly examined,  but  much  of  it  is  impalpable  daubr^elite) ;  the 
larger  black  particles  are  again  treated  with  a  little  chlorhydric  acid, 
after  which  the  daubr^elite  is  left  quite  pure  aiid  is  easily  washed, 
and  any  foreign  particles  are  readily  picked  out. 

In  this  form  it  consists,  as  already  described,  of  shining  black 
fragments  more  or  less  scaly  in  structure,  not  altogether  unlike  fine 
particles  of  molybdenite.  The  fracture  is  uneven,  except  in  one 
direction  where  there  appears  to  be  a  cleavage.  It  is  brittle  and 
easily  pulverized,  the  fine  particles  retaining  their  brilliancy.  It  is 
not  magnetic.  Before  the  blow-pipe  it  undergoes  but  little  altera- 
tion, losing  its  luster  but  not  fusing,  and  after  heating  in  the  reduc- 
ing flame  it  is  slightly  magnetic.  With  borax  it  fuses  slowly,  the 
smaller  particles  giving  an  intense  green  color  to  the  bead  when 
cold.  It  is  not  acted  upon  in  the  slightest  degree  by  chlorhydric 
acid,  either  cold  or  hot,  but  dissolves  slowly  and  completely  in 
nitric  acid  when  heated  over  a  water-bath,  without,  however,  any 
liberation  of  free  sulphur. 

Its  specific  gravity  is  5.01.  It  is  needless  to  give  the  details 
of  the  method  of  analysis.  I  will  only  remark  that  when  a  mixt- 
ure of  hydrated  oxides  of  chromium  and  iron  are  separated  by 
the  addition  of  bromine  to  an  alkaline  solution  holding  the  ox- 
ides in  suspension,  the  operation  must  be  repeated  two  or  three 
times  to  insure  complete  conversion  of  all  the  chromium  oxide 
into  chromic  acid,  and  consequently  to  separate  it  totally  from 
the  iron. 

The  following  is  an  average  of  three  analyses  giving  concord- 
ant results  within  one  half  per  cent  of  each  constituent : 

Sulphur 42.69 

Chromium 35.91 

Iron 20.10 

98.70 
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A  minute  quantity  of  what  appeared  to  be  carbonaceous  matter 
was  mixed  with  the  residual  traces  of  oxides  found  in  the  mother 
water.  It  is  evident  from  the  above  proportions  that  this  min- 
eral is  a  sulphide  corresponding  in  atomic  constitution  to  the  well- 
known  oxide,  chromite  (Fe€0+r03),  daubr^elite  being  FeS-f-CrS^, 
sulphur  replacing  the  oxygen ;  the  calculated  percentage  is : 

Calcalate<L  Found. 

Sulphur 44.29  43^6 

Chromium 86.83  86.38 

Iron 19.38  20.36 

100.00  100.00 

Calculated.  Found. 

Sesquisulphide  of  chromium 69.56  68.00 

Sulphide  of  iron 30.45  29.75 

The  calculation  of  the  daubr6elite  is  based  upon  the  sulphur 
found  in  the  analysis  (43.26).  As  yet  we  do  not  know  of  any 
terrestrial  mineral  corresponding  to  this,  and  it  is  an  interesting 
fact  that  we  are  already  enabled  to  establish  so  clearly  its  true 
composition,  and  also  to  obtain  good  characteristic  specimens  that 
will  find  their  way  into  the  principal  cabinets  of  meteorites. 

The  occurrence  of  this  mineral  in  so  marked  a  manner  in  the 
Butcher  meteoric  irons  of  Coahuila,  when  it  does  not  show  itself 
in  the  troilite  of  other  meteoric  irons,  induced  me  to  investigate 
this  matter  carefully,  as  I  now  had  chemical  methods  to  aid  me. 
Thus  far  I  have  examined  the  troilite  from  only  three  meteoric 
irons,  viz.,  those  from  Toluca,  Mexico;  Sevier,  Tennessee;  and 
Cranbourne,  Australia.  In  the  first  two  specimens  it  was  found 
in  marked  quantities,  about  2.5  grammes  of  troilite  being  em- 
ployed, but  in  the  case  of  the  Cranbourne,  where  the  quantity 
did  not  amount  to  one  gramme,  the  daubr^elite  was  proportion- 
ally less  than  in  the  other  two.  The  Toluca  troilite  furnished 
the  largest  quantity;  the  residue  from  2,800  grammes  of  it, 
after  thorough  treatment  with  chlorhydric  acid,  which  dissolves 
nearly  the  whole  of  it,  was  dissolved  in  part  by  nitric  acid, 
and  on  analysis  the  solution  was  found  to  contain  chromium 
and  iron  representing  about  sixty  milligrammes  of  daubr^elite; 
the  mineral  obtained  from  these  troilites  was  of  the  pulveru- 
lent variety.* 

*  The  undissolved  portion  after  the  nitric-acid  treatment  is  principally 
graphite  and  schreibersite. 
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There  is  reason  to  believe  that  further  research  will  show  the 
constant  presence  of  daubr^elite  in  meteorites.  I  am  now  prose- 
cuting a  series  of  experiments  on  the  mineral  segregations  in 
meteoric  irons,  both  those  visible  and  invisible  to  the  naked  eye 
and  those  only  discernible  by  chemical  means,  the  results  of  which 
will  tend  to  a  satisfactory  solution  of  this  hypothesis. 
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MiiMOIRE   SUR   LE    FER    NATIF    DU  GROEN- 
LAND  ET  SUR  LA  DOLERITE  QUI 
LE  RENFERME. 


Annal,  de  Chim:  xvi,  1879  ;  pp.  452-606. 

1.  Ce  M^moire  a  pour  but  de  co-ordonner  les  &its  relatifi  4  Tune 
des  d^GOuvertes  lithologiques  les  plus  remarquables  concemant  les 
masses  ^ruptives  de  notre  globe.  II  s'agit  de  Texistence  du  fer  na- 
tif,  en  tres-grande  proportion,  dans  la  masse  m^me  de  roches  dol^r- 
itiques,  et  ce  fait  est  si  remarquable,  que  Ton  a  6t6  port6  a  recher- 
cher  pour  lui  une  explication  extraordinaire  et  k  V  attribuer  k  una 
cause  cosmique  ou,  en  d*  autres  termes,  aFarriv^e  dans  une  roche 
terrestre  de  mat^riaux  m^t^oritiqucs.  Tout  d'abord,  mon  intention 
6tait  de  donner  purement  et  simplement  les  r^ultats  de  mes  pro- 
pres  recherches ;  mais  bientdt  je  reconnus  que,  si  je  ne  montrais 
pas  leurs  rapports  et  leurs  differences  avec  les  notions  acquises  d^jsl, 
ils  n'apporteraient  pas  beaucoup  de  progr^s  dans  Topinion  des  nat- 
uralistes. 

Les  dol^rites  d  fer  natif  qui  vont  ^tre  ^tudi^  ici  ont  fix6  d^ji^ 
en  effet,  Fatten tion  du  monde  savant,  et  beaucoup  d'^crits  a  leur 
6gard  ont  6t6  publics  par  des  observateurs  distingu6s,  parmi  lesquels 
je  citerai  MM.  Nordenskjold,  auteur  de  la  d^ouverte,  Gustavo 
Nauchkoff  et  G.  Lindstrom  (de  Stockholm),  Johnstrup  et  Steen- 
strup  (de  Copenhague),  Tschermak  (de  Vienne),  Daubr^  (de  Pa- 
ris) et  Wohler  (de  Gottingen),  Tous,  sauf  MM.  Johnstrup  et  Steen- 
strup,  ontconsider6  le  m^tal  comme  ayantune  origine  m^t^ritique, 
M.  Daubr6e,  cependant,  a  exprim^  d  cet  6gard  des  doutes  bien  mo- 
tives.* 

D6j^  peu  de  temps  apr^s  la  d^couverte  de  M.  Nordenskjold,  je 
fis  du  fer  natif  et  de  la  dol^rite  d  laquelle  il  est  associ6  un  examen 

*Compie8  rendus,  t.  LXXIV,  1872,  p.  1646,  et  Bulletin  de  la  SoeUti  ffeolo- 
gique,  3e  s6rie,  t.  IV,  p.  111. 
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sommaire,  qui  me  conduisit  imm^diatement  a  reconnaitre  que  le 
m^tal  est  certainement  d'origine  terrestre,  et  repr^sente  Tun  des 
constituants  naturels  de  la  roche  pyrox^nique  doot  il  fait  par- 
tie*  j'annon9ai  cette  conclusion  d  plueieurs  des  savants  avec 
lesquels  j'entretiens  une  correspondance,  mais  je  n'en  fis  pas  le 
sujet  d'une  publication,  d^sirant  la  soumettre  k  des  verifications 
ult^rieures. 

M.  Nordenskjold  me  procura  50  kilogrammes  de  debris  de  fer 
conserves  jusque-la  dans  le  Mus^e  royal  de  Stockholm  et  plusieurs 
kilogrammes  des  ^hantillons  originaux  sur  lesquels  avaieut  ^t6 
faites  ses  propres  observations,  ainsi  que  celles  de  M.  Lindstrom. 
Je  dois  aussi  k  M.  Johnstrup  des  6chantillons  appartenant  au  Mus6e 
royal  de  Copenhague,  comprenant  toutes  les  vari^t^s  des  masses 
volumineuses  qui  ne  se  sont  pas  spontan^ment  desagr^g^es.  Parmi 
les  dol6rites  se  trouvent  des  nodules  roul6s  du  rivage  d'Ovifak  ;  j'ai 
aussi  des  pyrites  nickelif^res  provenant  de  regions  diff^rentes  du 
Groenland,  et  elles  ont  4t6,  comme  on  verra,  d'un  int^rdt  tout  spe- 
cial pour  mes  Etudes. 

2.  La  bibliographic  du  sujet  est  r^sum^e  dauB  la  liste  suivante 
de  publications  que  j'ai  consult^es  avec  soin  : 

Expedition  to  Greenland  in  the  year  1870,  "by  Prof.  A.-E.  Nordenskjold,  in 

3  Parts  ( Geological  Magazine,  vol.  IX,  1872). 
Om  forekomsten  af  gediget  jern  i  en  Basaltgang  vid  Ovifak  i  Gronland,  etc., 

af  Oustav  Nauchkoff  (Bibang  till  K,  Svenska  vet  Akad,    Handling  Me- 

deladt  den  17  April  1872). 
Examen  des  rocbes  avec  fer  natif  decouvertes  en  1870  par  M.  Nordensjold; 

par  M.  Daubree  (Oomptea  rendua  de  VAcad^mie  des  SciejiceSy  t.  LXXIV, 

24  Juln  1872). 
Om  de  Nordenskjoldske  Jaernmasser  og  om  Forekomsten  af  gedigent  Jaern 

i  Basalt,  af  K.-J.-V.  Steenstrup  (Af  tryk  af  Vidensk,  Medd.fra  den  naU 

urhiat  Forening,  Kjobenhavn,  1875,  nos.  16-19). 
Examen  des  Meteorites  d'Ovifak  (Groenland),  au  point  de  vue  du  carbone 

et  des  sels  solubles  qu' elles  ren ferment;  par  M.  Daubree  {Compies  ren^ 

du8,  t.  LXXV,  29  Juillet  1872). 
Analyse  des  Meteoreisens  von  Ovifak  in  Grdnland,  von  F.  Wohler  {Narch 

Konig.  Oesellschaft  der  Wissenschxiftenj  15  Mai  1872). 
Om  de  Kulfbrende  Dannelser  fra  Oan  Disko,  af  K.-J.-V.  Steenstrup  (Af 

tryk  af  Vidensk.  Medd.fra  den  naiurhisi.  Forening.  Kjobenhavn,  marto 

1874). 

•Mon  opinion  est  enregistree  par  le  professeur  Andrews  dans  son  Adresae 
&  r  Association  Britannique  en  1876  {Reports  of  the  proceedings  of  the  British 
Assoeiationj  LXXIII). 
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Der  Metooriten  fund  bei  Ovifak  in  Gronland,  von  G.  Techermak  (Mineral- 

ogische  Mittheilungefi,  1874,  2  Heft). 
Observations  sur  la  structure  intSrieure  d'une  masse  de  fer  native  d'Ovifak, 

par    M.    Daubr^e    [Comptea    rendus    de    VAcadhnie    des    Sciences,     t. 

LXXXIV,  p.  CO;  1877). 

HiSTOIRE  DE  LA   DeCOUVERTE    ET   GeOGRAPHIE    DES  LOCALITES. 

3.  L'histoire  de  la  d^couverte  du  fer  est  si  .bien  connue,  qu'il 
est  superflu  de  dire,  a  son  sujet,  autre  chose  que  ce  qui  est  iieces- 
saire  pour  relier  entre  elles  les  diverses  Parties  de  ce  M^moire. 

C'est  durant  son  expedition  au  Greenland,  en  1870,  que  'ML 
Nordenskjold  d^couvrit  ces  masses  ferrugineuses.  II  visitait  la  l)aie 
de  Fortune  dans  le  but  de  decouvrir  la  locality  exacte  du  fer  dit  de 
Rudolph,  parce  qu'il  a  ^t^  trouv6  par  le  gouverneur  Rudolph  dans 
un  lest  qui  avait  6t6  pris  par  des  navires  dans  cette  baie  de  For- 
tune. Cependant,  aucune  trace  de  fer  ne  fut  d^couverte  dans  cette 
locality ;  mais  les  indications  donnas  par  les  naturels,  ainsi  que  ses 
propres  recherches,  conduisirent  quelques  mois  plus  tard  M.  Nor- 
denskjold a  la  place  oil  gisaient  les  masses  de  fer  qui  vont  nous 
occuper. 

II  s'agit,  comme  on  sait,  d'Ovifak,  ou  Colline  Bleue,  dans  Tile  de 
Disko,  c*est-a-dire  un  des  points  du  plus  difficile  acctis  sur  la  c6te 
du  Groenland  danois,  situ6  entre  Laxebugh  et  le  port  de  Disko, 
69°  19'  30"  de  latitude  nord  et  54°  1'  22"  de  longitude  ouest. 

La  Carte  ci-jointe  (P^.  II.  fig.  1)  donne  une  id^e  nette  de  cette 
locality  et  de  sa  position  par  rapport  aux  autres  points  de  la  cote. 
Cette  carte,  dress^e  par  M.  Rink,  a  ^t^  corrig^  par  Texp^dition 
su^doise  de  1870,  pour  accompagner  la  relation  du  voyage  de  M. 
Nordenskjold.  On  y  voit  qu'Ovifak  est  situ6  a  Textr^mit^  sud-est 
de  Tile  de  Disko,  k  Tentr^e  du  detroit  de  Davis.  Avec  Taide  de  M. 
Steenstrup,  j'ai  marqu^  sur  la  carte  les  locality  exactes  oH  du  fer 
natif  a  6t6  trouv6  k  diflR5rentes  6poques.  II  y  a  deux  autres  points 
od  le  fer  a  (it6  observ6  le  long  de  la  c6te,  mais  ils  sont  situ6s  en  de- 
hors de  la  region  representee :  Ross,  en  effet,  parle,  en  1819,  d'un 
fer  po8s6d6  par  les  naturels  de  Sowalick,  k  peu  pr^s  d  6  degr6s  au 
nord  d'Ovifak,  mais  je  pense  qu'il  n'y  en  a  pas  d'^chantillons  dans 
les  collections.  D'autre  part,  Fiskernas,  dans  le  Groenland  du  sud 
k  peu  pr6s  a  6  degr(?s  au  sud  d'Ovifak,  a  fourni  un  petit  fragment 
m^tallique  qui,  lui,  a  6t  conserve.  II  n'est  pas  du  tout  invraisem- 
blable  que  le  fer  de  ces  deux  derni^res  localit^s  ne  provienne  de 
regions  analogues  k  Disko. 
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4.  M.  Nordenskjold,  qui  visita  le  premier  la  locality,  d^rit  les 
caract^res  et  donne  des  details  sur  la  position  dans  laquelle  11  trouva 
les  fers. 

Us  gisaieni  sur  le  rivage,  entre  le  niveau  de  la  haute  et  celut  de 
la  basse  mer,  parmi  des  blocs  de  granite  et  de  gneiss  roul^s,  au  pied 
d'une  grande  falaise  basaitique  d'oii  s'^l^ve  plus  haut  encore,  la  s^rie 
des  couches  horizontales  de  trass  et  de  dol^rite  du  mont  Ovifak  (P2. 
11.  fig.  2). 

A  16  metres  du  plus  gros  bloc,  sous  des  detritus  constituant  la 
berge,  un  rocher  basaltique,  haut  de  0",  30,  pent  6tre  suivi  sur  4 
metres  de  distance,  de  fa9on  d  se  presenter  comme  faisant  partie  in- 
t^grante  du  sol  en  place.  Une  autre  ar^te  analogue,  situ^e  pr^s  de 
la  berge,  court  dans  une  direction  parall61e  et  avec  la  m^me  lon- 
gueur. Cette  derniere  contient  des  blocs  lenticulaires  et  disciformes 
de  fer  nickels,  qui  ont  I'apparence  ext^rieure,  la  composition  chi- 
mique  et  la  resistance  k  Tair  des  fers  m^t^oriques. 

Le  fer  est  empfit^  dans  le  basalte,  dont  il  est  s^par^  par  une 
mince  decree  de  rouille  et  qui  pr6sente,  au  voisinage  des  blocs  de 
fer  natif,  des  nodules  de  hising6rite,  ^videmment  form^e  par  Toxy- 
dation  du  m^tal. 

Sur  une  superficie  qui  ne  d^passe  pas  50  metres  carr^,  M.  Nor- 
denskjold  trouva  et  recueillit  plus  de  vingt  masses  de  fer  et  de 
basalte  renfermant  du  fer,  pesant  de  21,000  kilogrammes  a  moins 
de  1  kilogramme. 

5.  L'importance  de  ces  faits  au  point  de  vue  de  T^tude  de  Torig- 
ine  du  fer  est  considerable.  Aussi  je  crois  devoir  introduire  dans 
mon  travail  les  planches  et  les  descriptions  oil  M.  le  professeur 
Steenstrup  a  tr^s-exactement  r^sum^  les  caract^res  de  la  region 
d'Ovifak,  qu'il  a  etudi^e  tr^s-longuement  pendant  deux  expeditions 
successives. 

La  fig,  3  (^Pl,  11)  repr^sente  une  partie  des  coUines  bleues 
(Ovifak)  entre  les  promontoires  de  Nukkiterdick  et  de  Nuck.  Dans 
Tendroit  o\i  le  fer  fut  recueilli,  la  montagne  est  haute  d'environ  600 
metres,  dont  les  200  metres  inferieurs  sont  converts  de  debris  for- 
mant  un  talus,  iucline  de  30  a  40  degres.  Au-dessus  de  ce  talus, 
la  parol  rocheuse,  qui  se  relive  presque  verticalement,  montre 
treize  ou  quatorzel  lits  horizontaux  de  trapp.  Au  pied  de  la 
montagne,  immediatement  au  bord  de  la  mer,  un  ou  deux  de 
ces  lits  sont  visibles  sur  une  falaise  haute  de  16  metres,  et  les 
couches  alternatives  de  basalte  B  et  d'amygdalo'ide  M  peuvent  6tre 
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suivies  le  long  de  la  c6te  jusqu'au  point  I,  oil  lea  fers  furent  trouv6s, 
et  m^me  plus  loin,  hsk  fig.  4  repr^sente  cette  falaise  k  une  plus 
grande  ^helle. 

'La  fig,  5  montre  la  partie  du  basalte,  formant  un  dyke,  oH  le 
fer  fut  trouv^.  La  place  des  blocs  m^talliques  est  marquee  par  des 
points  noirs  I.  Les  points  noirs  sur  le  bord  de  la  mer  repr^seiitent 
les  trois  plus  grosses  masses  qui  furent  amen^es  en  Europe  ainsi 
qu'on  les  voyait  ^  mar^  basse.  A  mar^e  haute,  elles  ^taient  recou- 
Tortes  par  Teau.  Les  parties  marquees  B  et  M  repr^entent  lee 
assises  de  basalte  et  d'amygdalo'ide  au  voisinage  du  dyke. 

Solution  du  Probleme  de  la  Nature  et  de  l'Origine   i>u 
Fee  Natif  et  des  Dolerites  qui  le  Contiennent. 

Pour  r^oudre  le  probleme  qui  concerne  Torigine  du  fer,  il  y  a 
beaucoup  de  points  qui  r6clanient  une  4tude  soign^  et  syst^ma- 
tique.  Cest  dans  ce  but  que  j'ai  traits  le  sujet  sous  les  six  points  de 
Tue  d^velopp^s  dans  les  Chapitres  suivants. 

I. — Nature  duferetdela  doUrUe,  d'apres  les  eehantUUms  apportes  du 
Oroerdand;  leurs  proprietes  ehimiques  et  physiques, 

6.  Les  6chantillons  que  j'ai  pu  ^tudier  se  r^partissent  en  deux 
grandes  classes :  ceux  qui  consistent  presque  exclusivement  en  fer 
et  ceux  qui  se  composent  principalement  de  matidres  pierreuses. 
Les  premiers  comprennent  les  quatre  types  principaux  dont  voici 
r^num^ration : 

1°  Les  plus  remarquables  sont  les  gros  blocs  recueillis  avec  tant 
de  peine  et  de  succ^  par  M.  Nordenskjold.  lis  sont  de  forme  irr^- 
uli^re  et  plus  ou  moins  allonges.  Leur  surface  est  arrondie  en  toas 
sens  et  d'une  couleur  d'un  brun  fonc^,  avec  beaucoup  de  points 
ayant  T^clat  m^tallique.  lis  sont  tr6s-pesants  et,  k  premiere  vue, 
.  les  personnes  famili^res  avec  les  m^t^orites  les  ont  regards  comme 
constituant  probablement  des  masses  d'origine  cosmique. 

2°  Nous  poss^oDS  des  ^chantillons  d'un  aspect  plus  in^gal,  qui 
r^sistent,  sans  se  rompre,  au  choc  du  marteau  et  qui  sont  plus 
lourds  encore  que  les  pr^c^ents.  II  y  a  m^me  des  fragments  formes 
d'un  fer  pur  et  malleable ;  mais  ils  ont  ^tA  exclusivement  trouv^  ^ 
Tint^rieur  de  la  dol^rite. 

3^  Certaines  nodules  roul^s,  de  dimensions  variables,  consistent 
surtout  en  une  sorte  d'^ponge  de  fer  r^duit  en  petits  grains.    On 
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les  brise  au  marteau,  et  leur  surfiu^e  polie  montre  des  dessins  den- 
dritiques  brillants,  d'une  r^gularit^  plus  ou  moins  grande. 

4°  Nous  trouvons  des  masses  semblables  aux  pr6c^entes,  mais 
avec  moins  de  fer ;  elles  consistent  en  un  melange  intime  d'un  min- 
eral pierreux  avec  le  m^tal  r^uit  en  filaments  tr^  d^li^s. 

Apr^  oes  quatre  types,  essentiellement  m^talliques,  il  &ut 
citer: 

5^  Des  masses  d'une  structure  br^hiforme,  avec  fer  m^tallique 
plus  ou  moins  diss^min^  dans  leur  int^rieur  qui,  par  certains  speci- 
mens, passent  d.  la  dol^rite  presque  pure. 

Dans  beaucoup  de  ces  ^hantillons  nous  avons  trouv6  aussi  de 
la  pyrite  nickelif^re  et,  accidentellement,  du  graphite,  intimement 
m€ie  avec  des  matidres  siliceuses  ou  autres. 

Je  d6crirai  maintenant  chacun  de  ces  cinq  types  difiSrents. 

Premibb   Type. 
Bloea  MetaUiques. 

7.  L'une  des  plus  grosses  masses,  pesant  7,000  kilogrammes, 
fut  de  ma  part  Tobjet  d'un  exameu  attentif  en  ce  qui  conceme 
son  aspect  ext^rieur.  Une  autre  masse  ^galement  tr^s-belle,  et 
pesant  5  kilogrammes,  fut  ^tudi^e  de  pluEf  prte.  C'^tait  une  parfaite 
miniature  du  bloc  colossal  de  21  tonnes  dont  il  a  ^t^  question  ci- 
dessus.  Je  remarquai  que  ces  deux  masses  ^taient  absolument  d6- 
pourvues  de  crevasses  ou  de  fissures,  quoiqu'elles  aient'  6t6  aban- 
donn^es  d.  Fair  pendant  plus  de  quatre  ans,  depuis  leur  arrive  du 
Oroenland.  On  ne  pouvait  done  rien  apercevoir  au  travers  de  leur 
enveloppe  ocrac6e.  De  m^me  des  petites  masses  qui  me  furent 
envoy^es  du  Mus6e  royal  de  Copenhague,  oil  elles  ^taient  rest^es 
environ  trois  ans,  sont  rest^es  dans  mon  laboratoire  pendant  huit 
ou  neuf  mois  sans  pr^enter  la  moindre  alteration.  Mais,  voulant 
etudier  rint^rieur  aussi  bien  que  Texterieur,  je  p]a9ai  un  des  ^chan* 
tillons  sur  la  machine  k  raboter,  dans  le  but  de  pratiquer  au  travers 
une  section  passant  par  le  centre.  Je  m'attendaisa  voir  le  fer  com- 
pacte  composer  toute  la  masse,  mais  I'outil  donna  bientdt  I'indica- 
tion  qu'il  ne  coupait  plus  du  m^tal.  II  n'avait  pas  p^n^tr^  jusqu'au 
centre  qu'une  des  moiti^s  du  bloc  se  brisa,  montrant  rint^rieur,  qui 
n'etait  autre  chose  qu'un  magma  ou  melange  de  particules  de  fer 
avec  de  Foxyde  du  m^me  m^tal.  La  section,  compiet^e  cependant, 
fournit  une  moitie  de  la  masse  en  ud  seul  morceau.  Je  constatai 
alors  avec  surprise  que,  tandis  que  Text^rieur  des  blocs  est  dur  et 
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solide,  rint^rieur,  sur  quelque  point  que  ce  soit,  peut  ^tre  ais^ment 
entam^  au  couteau  ou  au  ciseau.  Ces  pieces,  provenant  du  sciage, 
furent  mises  de  cdt4  dans  mon  cabinet  pour  4tre  examinees  plus 
tard,  et,  en  lea  regardant  dix  jours  plus  tard,  je  vis  que  las  plus 
petites  ^talent  d4ja  tomb^s  en  poussi^re.  La  grande  section  com- 
men9ait  k  subir  le  m^me  effet,  et,  en  moins  de  trois  mois,  tout  ce 
que  j'avais  de  ce  bel  ^chantillon  fut  transform^  en  une  masse  rouil- 
1^  et  pulv6rulente  renfermant  quelques  fragments  durs  qui,  a  I'or- 
igine,  faisaient  partie  de  la  crotlte  externe. 

Ainsi  done,  ce  fer,  r6put6  solide,  cachait  simplement  derri^re 
une  crodte  compacte  une  masse,  a  texture  tr^-4che,  de  particules 
m6tailiques  et  d'oxjde.  II  est  Evident  que  la  modification  chi- 
mique  qui  s'^tait  produite  dans  Tint^rieur  est  le  r^sultat  d  une  oxy- 
dation.  Le  fer  et  Toxyde,  qui  n'est  pas  au  maximum,  absorbent  a 
la  fois  de  Toxyg^ne,  etl'on  observe  com  me  effet  de  Talt^ration  une 
l^g^re  augmentation  de  poids.  Un  fragment  de  Tint^rieur,  pris  peu 
de  temps  apres  le  commencement  de  la  pulverisation,  fut  de  nou- 
veau  place  sur  la  balance  au  bout  de  quatre  mois ;  I'augmentation 
de  poids  fut  de  4,2  pour  100.  M.  Nordenskjold  dit  que,  dans  une 
experience,  5  gr.,  406  de  cette  matidre  ferrugineuse  avaint  acquis 
seulement  0  gr.  ,200  par  oxydation,  c'esta-dire  3,8  pour  100. 

Quand  la  mati^re  decompos^e  est  lav^e,  la  portion  oxyd^e  la 
plus  leg^re  est  en  trainee  par  Teau,  et  il  reste  des  petits  grains  de 
fer  de  formes  variees,  dont  le  diametre  est  compris  entre  t^  et  ^  de 
millimetre. 

DiflKrents  precedes  ont  ete  employes  pour  prevenir  la  d^sagre- 
gation.  La  meilleur  est,  suivant  moi,  d'enfermer  hermetiquement 
le  fer  dans  un  tube  de  verre  ou  de  le  placer  dans  Talcool. 

J'ai  protege  ceux  de  mes  echantillons  qui  commen9aient  a  se 
craqueler,  en  les  chauffant,  pour  couler  ensuite  de  la  paraffins  dans 
leurs  fissures.-  Cette  methode  a  obtenu  un  succes  complet,  mais  la 
bonne  conservation  des  echantillons  doit  etre  verifiee  de  temps  en 
temps. 

Quelle  est  la  cause  de  la  desagregation  ?  Je  suis  persuade  qu'elle 
resulte  de  deux  causes :  d*abord,  par  la  perte  d'humidite,  des  cra- 
quelures  se  produisent  a  la  surface,  et,  en  second  lieu,  Toxygene  de 
Tair,  trouvant  acc^s  par  les  fissures  dans  Tinterieur,  peut  se  com- 
biner avec  le  fer  finement  divise,  ainsi  qu'avec  I'oxyde  inferieur  de 
fer.  II  en  resulte  un  gonflement  de  la  masse,  et  le  sulfure  contribue 
aussi  a  cette  desagregation. 
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• 

Ce  qui  prouve  bien  que  Foxyg^ne  dc  Tair,  avec  un  peu  d'hu- 
midit^,  joue  le  r6le  le  plus  important  dans  cette  d^sagr^gation,  c'est 
que  dans  Teau  le  fer  m^tallique  s'oxyde,  mais  ne  tombe  pas  en  mor- 
ceaux. 

Parmi  les  ^chantillons  provenant  d'Ovifak,  il  y  en  a  dont  la 
forme  a  r^sist^  parfaitement,  comme  on  sait,  aux  intemp^ries,  et 
cela  sur  un  rivage  orageux ;  de  fa9on  qu'en  apparence  ils  sont  aussi 
inalt^r^s  et  inalt^rables  que  les  masses  de  fer  m^t^orique.  Cepend- 
ant  cette  resistance  n'est  qu'apparente :  le  rdsidu  de  leur  destruc- 
tion a  sira piemen t  p^n^tr^  dans  I'int^rieur,  au  lieu  d'avoir  ^t^  en- 
train^  au  loin.  On  vient  de  voir  cemment  ce  fait  est  nettement 
d^montr^  par  r^chantillon  de  5  kilogrammes,  et  je  suis  s^r  que,  si 
Ton  coupait  de  la  m^me  mani^re  le  bloc  de  7,000  kilogrammes  qui 
figurait  a  TExposition  de  Philadelphie,  on  verrait  en  moins  de  six 
mois  ce  magniiique  4chantillon  r^duit  en  un  tas  de  petits  fragments. 

Nous  pou von s  expliquerla  conservation  des  blocs  ainsi  alter^s 
en  remarquant  que  Teau  de  mer  y  a  d6pos6  un  rev^tement  solide, 
compacte  et  imperm^ble,  d'oxyde  qui  emp^che  le  centre  de  se  pul- 
veriser. Si  cette  enveloppe  protectrice  est  d^truite  d'une  raani^re 
quelconque,  alors  le  r^sultat  est  celui  que  nous  avons  d^crit. 

Voici  maintenant  la  composition  chimique  des  diff^rentes  par- 
ties des  echantillons  du  premier  type,  c'est-a-dire : 

1°  Le  rev^tement  exterieur ; 

2°  La  masse  int^rieure ; 

3°  Les  particules  de  fer  s^par^es  du  magma  general. 

8.  Eev^tement  ezterieur. — Sa  density  ^gale  5.  L'eau  regale  en 
opere  la  dissolution  avec  dep6t  d'un  tr^sfaible  r^sidu. 

Voici  sa  composition : 

Oxyde  de  fer 76.21 

Fer 16.56 

Nickel 1.08 

Cobalt 0.48 

Cuivre 008 

Soufre 1.1 2 

Phosphore '. 0.14 

Carbone 1.36 

Eau 4.50 

Traces  de  chlore,  de  chauz  et  de  magndsie.  101.53 

II  n*y  a  pas  de  m^thode  convenable  pour  determiner  les  propor- 
tions exactes  des  deux  oxydes  de  fer,  et,  cette  determination  n*ayant 
ici  qu'une  faible  importance,  on  ne  Ta  pas  faite. 
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9.  Le  magma  interieur  de  la  nutBse.  —La  composition  de  celai-ci 
ne  diffl^re  pas  essentiellement  de  celle  de  la  crotlte,  sauf  en  ce  qui 
concerne  la  proportion  de  fer  m^tallique,  qui  est  plus  grande,  et  la 
proportion  de  chlore,  qui  est  moindre.  Le  fer  repr^sente  22,32  pour 
100 ;  le  nickel  1,37 ;  le  cobalt  0,65,  et  un  r^idu  insoluble  4.  Une 
faible  partie  des  constituants  du  magma  consiste  en  sels  solubles,  ce 
qui  6tait  pr^vu,  puisque  M.  Daubr^e,  dans  les  analyses  du  type  le 
plus  compacte,  a  trouv^  du  sulfate  de  chaux  et  des  chlorures  de 
calcium  et  de  fer.  A  cette  liste  j'ajouterai  les  sulfates  solubles  de 
nickel,  de  cobalt  et  de  cuivre,  qui  doivent  r^ulter  de  la  d^ompo- 
sition  d'un  sulfure. 

Le  carbone  non  combing,  dans  le  magma,  est  un  trait  interes- 
sant  de  sa  composition,  car  les  eutres  fers  natifs,  de  quelque  origine 
qu'ils  soient,  montrent  une  constitution  tr^s-diff^rente. 

Si  le  magma,  traits  par  de  Tacide  chlorhydrique  concentre,  est 
chauff^  au  bain-marie,  un  gaz  s'en  d^gage  avec  une  odeur  d^agr4- 
able,  analogue  a  celle  que  produit  dans  les  m^mes  conditions  la 
fonte  riche  en  carbone  combing.     Si,  lorsque  Taction  de  Tacide  a 
cess^,  on  s^pare  la  liqueur  du  magma,  et  si  on  la  remplace  par  de 
Tacide  en  grand  exc^s,  bient6t  tout  ce  qui  est  soluble  est  enleve. 
Le  r^sidu,  lav6  et  s^ch^  a  100  degr^s,  consiste  en  line  poudre  noire 
dont  les  grains  sont  plus  ou  moins  brillants  et  ressemblent  a  de  petits 
fragments  de  houille,  ou  encore  au  carbone  qui  se  depose  au  rouge 
a  rint^rieur  d'un  tube  de  porcelaine  traverse  par  la  vapeur  d'un 
hydrocarbure.     En  chauffant  ce  charbon  dans  une  capsule  de  pla- 
tine,  on  le  voit  s'enflammer,  brfller  rapideraent  et  laisser  des  cen- 
dres.     II  peut  avoir  originellement  ^t6  en  combinaison  avec  le  fer 
et  en  avoir  ^t^  s^par6  par  Toxydation  de  la  masse,  mais  il  peut 
aussi  provenir  de  la  decomposition  d'un  hydrocarbure.     En  tons 
cas,  il  est  sans  doute  la  cause  de  la  production  de  I'acide  carbonique 
quand  cette  vari^te  de  fer  est  chauffee,  ph^nom^ne  qui  a  port^ 
quelques  personnes  a  penser  que,  puisque  Facide  carbonique  est 
d6gsig6  quand  le  fer  est  port^  au  rouge,  celui-ci  ne  peut  pas  avoir 
ete  porte  a  cette  temperature  Iprs  de  sa  formation.     Cette  conclu- 
sion, cependant,  n'est  pas  logique,  puisque  la  fonte  ordinaire,  a 
demi  decomposee  par  Taction  de  Tair  et  de  Thumidit^,  d^gage  ^gale- 
ment  de  Tacide  carbonique  quand  elle  est  chauif&e.     L'acide  car- 
bonique est  dans  ce  cas  un  simple  produit  de  decomposition,  comme 
M.  Nordenskjold  Ta  montre  en  dissolvant  le  fer  dans  le  bichlorure 
de  mercure  sans  degagement  d'aucun  gaz. 
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10.  Les  partieulea  de  fer  siparees  complitement  du  magma  pr^sent- 
«nt  une  density  de  6,42. 

Voici  leur  composition  : 

Per 93.16 

Nickel 2.01 

Cobalt 0.80 

Cuivre 0.12 

Ph  Aphore 0.82 

Soufre 0.41 

Chlore 0.02 

Oarbone  combine 2.84 

99.18 
On  ne  trouve  pas  de  graphite  dans  ces  particules  de  fer.  Le 
-carbone  fut  dos6  en  traitant  le  fer  par  le  chlorure  double  de  cuivre 
et  d'amraoniaque.  Traits  par  Tether,  le  carbone  fourni  par  10 
grammes  de  fer  donna  0  gr.  ,005  de  cristaux  aciculaires,  consistant 
principalement  en  soufre  avec  un  peu  de  carbone. 

Ajoutons  que  le  carbone  extrait  du  fer  est  naturellement  un 
produit  alt^r^  (hydrate),  exactement  comme  le  carbone  amorphe 
s^par^  de  Tacier  ou  de  la  fonte.  La  tr^s-grande  proportion  de  car- 
bone combing  dans  le  fer  d'Ovifak,  sans  traces  de  graphite,  est  un 
fait  tr^-int^ressant  et  demande  une  6tude  chimique  sp^iale. 

Deuxi^me  Type. 

Lefer  MalUable. 

11.  J'ai  ensuite  examine  le  fer  extraite  de  la  dol^rite,  sous  forme 
de  gros  morceaux  d6barrass^,  autant  que  possible,  des  silicates  ad- 
herents, qui  furent  r6duits  a  repr^senter  moins  de  1  pour  100  du 
fer.  Je  trouvai  qiie  ces  nodules  different  les  uns  des  autres  par 
leurs  caract^res  et  leur  composition.  Certains  d'entre  eux,  quand 
on  les  frappe  avec  un  marteau,  se  brisent  sous  le  choc ;  d'autres 
sont  beaucoup  plus  mall^ables  et  s'6crasent.  J'examinerai  seule- 
ment  ici  ces  derniers.  Le  meilleur  ^chantillon,  a  cet  ^gard,  m'a 
4te  donn6  en  1873  par  M.  Nevill. 

J'en  fis  plusieurs  essais,  et  les  r^ultats,  parfaitement  concor- 
dants  entre  eux,  diflR^rent  de  ceux  fournis  par  le  premier  type  de 
fer.  J'ai  6te  sp^cialement  frapp^  de  la  plus  grande  proportion  de 
nickel  et  de  la  quantity  relativement  moindre  de  cobalt,  ainsi.  que 
de  Tabsence  presque  totale  de  carbone  combing.     Ce  dernier  fait 
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n'avait  pu  6tre  constats  d'une  mani^re  absolument  satisfaisante  par 
la  m^thode  analytique,  a  cause  de  la  faible  quantity  dont  je  dispo- 
sals ;  aussi  me  suis-je  contents  d'appr^ier  I'odeur  du  gaz  hydrog^ne 
mis  en  liberty  par  Faction  de  Tacide  sur  le  m^tal. 

La  density  est  de  7,46,  et  la  composition  consiste  en : 

Per 90.17 

Nickel 6.50 

Cobalt 0.79 

Cuivro 0.13 

Silice   (residu) 1.64 

99.13 

Des  traces  de  magn^sie  et  de  chaux  sont  sensibles.  Je  n'avais 
pas  assez  de  substance  pour  rechercher  le  soufre,  le  phosphore  et  le 
carbone;  ce  dernier  cependant  doit  exister,  quoiqu'en  tr^-faible 
quantity,  car  le  gaz  d4gag6  par  Tacide  sulfurique  avait  une  odeur 
perceptible. 

TBoiBiiME  Type. 

Fer  en  lingots  irreguliera  et  rouUles,  moins  alierea  que  celui  de  la 
premiere  sorie. 

12.  Cette  variety  d'^chantillons  est  la  plus  pesante  de  toutes, 
sauf  les  particules  m^talliques  dout  il  vient  d'etre  question  (11). 
lis  ont  une  surface  rouill^  et  noueuse.  En  masse,  ils  ofirent  une 
grande  r^istance  au  choc  du  marteau.  Quand  ils  sont  coup^,  les 
sections  pr^sentent  une  apparence  m^tallique  plus  nette  qu'aucun 
des  autres  ^chantillons,  sauf  ceux  du  deuxidme  type,  Une  fois 
polis,  ils  montrent  une  surface  briJlante  oil  Teau-forte  dessine  des 
dessins  ayant  quelque  ressemblance  avec  les  figures  de  Widmann- 
staetten  et  qui,  apr^s  un  certain  temps  d'exposition  a  Tair,  s'oxyde 
et  laisse  exsuder  du  chlorure  de  fer. 

Si  une  lame  de  ce  fer,  d'environ  5  millimetres  d'^paisseur,  est 
frapp^  avec  un  marteau,  elle  se  brise  et  montre  une  cassure  tr^s- 
cristalline  o\i  Ton  reconnait  quelquefois  la  presence  d'un  min^^ral 
siliceux. 

Dans  un  mortier,  le  m6tal  se  r^duit  en  particules  tr^fines  qui, 
sous  Taction  de  Tacide  azotique,  se  dissolvent  rapidement  et  don- 
nent  une  quantity  variable  de  residu  Dans  I'^chantillon  examine,  ce 
residu  repr^sentait  de  4  a  5  pour  100. 

La  density  du  m6tal  est  de  6,80. 
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L'analyse  lui  assigne  la  composition  suivante : 

Fer 88.18 

Nick.»l 2.18 

Cobalt 1.07 

Cuivre 0.48 

Phosphore 0.25 

Soufre 0.36 

Chloro 0.08 

Silicates 4.20 

Carbone  (combine) 2.88 

Magnesia traces 

99.08 
Cette  vari^t^  de  fer  ressemble  tr^s-exactement  au  fer  de  Ninkor- 
nak  (Groenland)  qui  passe  pour  m^t^rique,  a  tort  comme  on  verra. 
Avant  de  quitter  la  description  de  ce  troisi^me  type  de  fer,  je 
donnerai  les  analyses  de  divers  ^chantillons  faites  par  des  chimistes 
habiles  et  qui  sont  consign^s  dans  les  M^moires  auxquels  j*ai  ren- 
voy6  en  conimen9ant. 

I.  Analyse  d'un  fragment  d'une  des  grandes  masses,  par  M.  Nor- 
denskjold. — II.  Analyse  d'un  ^cbantillon  de  fer  plus  compacte,  par 
M.  Nordstrom. — III.  Analyse  d'un  fer  offrant  les  figures  de  Wid- 
manstffitten  et  provenant  de  la  c6te  basal tique,  par  M.  Lindstrom. 
(Dans  ces  trois  analyses,  les  auteurs  se  sont  d6barrass6s,  autant  que 
possible,  de  toiites  les  substances  associ^es  au  fer  et  qui  avaient  subi 
des  alterations). — IV.  Analyse  par  M.  Wohler. — V.  Analyse  par 
M.  Daubr^e.  (L'analyse  n°  IV  fiit  ex^cut^e  sur  un  fragment  alt^r^ 
analogue,  sous  ce  rapport,  k  la  croiite  que  j'ai  examinee,  mais  avec 
moins  d'alt^ration). 


Fer 

Fer  (combine) 

Nickel 

Cobalt 

Cuivre 

Alumine 

Chaux 

Magnesie 

Potasse 

Soude  

Phosphore 

Soufre 

Ohlore 

Silice 

Portion  insoluble 

Matiere  charboneuse  organique 

Oxygene,  eau  et  perte 


84.49 


2.48 
0.07 
0.27 


0.04 


0.20 
1.52 
0.72 


0.05 
10.16 


86.34 


1.64 
0.85 
0.19 
0.24 
0.48 


0.07 
0.14 
0.07 
0.22 
1.16 
0.06 
4.87 

8.71 


III. 


IV. 


98.24 


1.24 
0.56 
0.19 


46.60 1  80.80 
1.69 
2.65 
0.91 


traces , . 
0.08  ! . 
0.12  . 
0.031 
1.21  I . 
0.10  . 

\0.59:. 


1.19 
0.47 


0.15 


0.291 
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I. 

n. 

ni. 

Iv^ 

V. 

Gftrbone 

2.80 

3.96 

Car  bone  combin6.  •. 

260 

Garbone  libre 

030 

Sulfate  de  fer 

7.75 

ioio 

Hydroeene 

0.07 

Oxvde  de  fer  maipnetiaiie i 

Chlorure  de  calcium  . . , ; i 1 

0  2S3 

Ghlorure  de  fer :......, 

0  089 

Sulfate  de  cbauz > 

0.063 

En  parcourant  ces  analyses,  on  y  reconnait  un  grand  nombre  de 
corps  qui  proviennent  de  la  decomposition ;  mais  il  n'est  pas  diffi- 
cile de  les  eliminer  et  de  se  faire  ainsi  une  opinion  tr^s-exacte  de  la 
composition  originelle  des  fers. 

Qttatri^me  Type. 
EchantiUons  eonsiatani  en  un  melange  de  doUrite  et  defer, 

13.  Les  ^chantillons  de  ce  type  offirent  lu  plus  vif  int^r^t,  car 
sans  eux  il  n'y  aurait  pas  moyen  de  r^oudre  le  probldme  de  Torig- 
ine  des  mass'es,  tandis  que  leur  examen  critique  conduit  sans  peine 
k  eiucider  ais^ment  les  points  les  plus  importants  de  la  question. 
lis  n'ont  pas  de  caract^re  m^tallique  k  I'ext^rieur  ni  sur  leurs  sur- 
faces de  fractures,  sauf  dans  de  petits  points  diss^min^s ;  mais,  si 
on  les  polit,  on  y  voit  apparaitre  de  nombreuses  grenailles  m^tal- 
liques,  variables  de  formes  et  de  dimensions.  II  existe  cependant 
une  variety  dont  la  fracture  est  fortement  m^tallique ;  la  dol^rite 
n'y  est  qu'en  faible  proportion  et  la  density,  en  cons^uence,  en  est 
tr^-^lev^e :  5,70.  Le  meilleur  ^chantillon  de  ce  type  que  j*aie 
etudi6  m'a  6te  fourni  par  M.  Daubr^e. 

Une  fois  coupes  et  polis,  les  fers  qui  nous  occupent  pr^sentent 
des  lignes  d'un  brillant  m^tallique  et  d'un  caract^re  dendritique. 
Les  figures  sont  form^es  fr^quemment  de  fines  lignes  droites  et 
courbes  se  croisant  sous  tous  les  angles  possibles.  Le  fer  est  ^vi- 
demment  la  sous  une  forme  tr^singulidre,  et  sa  structure,  admira- 
able  de  d^licatesse,  ne  s'accommoderait  pas  d'une  introduction  pos- 
t^rieure  dans  une  roche  d^j^  form6e,  et  indique  6bidemment  que  la 
solidification  du  m^tal  est  con  tern  poraine  de  celle  des  mat^riaux 
pierreux. 

Le  fer  du  quatri^me  type  est  fkcilement  r^duit  en  poudre,  et  la 
mati^re  m^tallique  pent  ^tre  Isolde  avec  un  barreau  aimant^.  Les 
deux   substances,  fer  et  pierre,  ainsi  s^par^es,  ont  ^t^  purifies 
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autant  que  possible  de  toutes  mati^res  ^trang^res  et  analys^es.  On 
a  reconnu  que,  malgr^  tous  les  efforts,  le  fer  retieut  toujours  un 
peu  de  mati^re  siliceuse;  mais,  en  d^uisant  celle-ci,  Fanalyse 
B'accorde  avec  celle  du  fer  d^k  6tudi6  (10). 

La  mati^re  pierreuse  a  la  composition  de  la  dol^rite  de  la  m^me 
region  qui  sera  donn^e  plus  loin. 

Comme  on  I'a  dit  d^j^,  les  surfaces  que  Ton  polit  au  travers  des 
masses  sont  couvertes  de  lignes  et  de  points  m^talliques  ayant  I'as- 
{)ect  du  fer.  Cepeudant  une  solution  de  sulfate  de  cuivre  ne  se 
pr^cipite  pas  sur  tous;  certains  d'entre  eux  restent  brillants  et 
inalt^r^s.  lis  ne  sont  pas  constitu^s  par  de  la  pyrite,  quoique  ce 
mineral  fasse  partie  de  la  roche ;  mais  je  suis  port^  k  croire  que, 
parmi  eux,  les  uns  sont  du  fer  fortement  carbur6  et  les  autres  du 
graphite. 

Le  graphite  a  ^t^  s^par^  parfaitement  au  moyen  de  Tacide  fluor- 
hydrique,  et  le  lavage  a  donn6  comme  r^idu  de  petits  nodules 
de  fer. 

Les  parties  l^gdres  enlev^es  par  le  lavage  retiennent  des  fluor- 
ures  insolubles  ;  on  y  trouve  aussi  du  carbone  amorphe,  qui  pro- 
yient  de  la  petite  quantity  de  fer  dissoute,  et  des  petites  6cailles  de 
graphite.  Ces  derni6res  peuvent  6tre  purifi^es  en  les  chaufiTant 
d'abord  avec  Tacide  sulfurique  concentre,  puis  avec  un  melange 
d'acide  azotique  et  d'acide  fluorhydrique,  et  enfin  avec  une  grande 
quantity  d'eau,  et  r^pt^ant  ces  operations  s'il  est  n^cessaire.  Le 
graphite  reste  alors  seul  avec  un  peu  de  carbone  amorphe  qu'on 
brfile  facilement.  Cest  du  vrai  graphite  pouvant  donner  de  Foxyde 
graphitique.  v 

Quant  aux  nodules  s^par^s  du  basalte,  comme  on  vient  de  voir, 
par  Tacide  fluorhydrique,  beaucoup  d'entre  eux  sont  fragiles  et  se 
pulv^risent  sous  le  choc  du  marteau ;  d'autres,  au  contraire,  sont 
mall^ables  et  s'^rasent.  Si  leur  surface  polie  est  oxyd^e  par  la 
chaleur,  Toxydation  se  fait  irr^gulidrement  et  des  figures  arrondies 
y  d^veloppent  des  lignes  entre-crois^.  Les  m^mes  figures  sont 
produites  par  Taction  de  Teau  regale.  EUes  ressemblent  k  celles  de 
Widmannstsetten. 

CiNQuiiME  Type. 

Doleriie  avec  dufer  et  un  plus  grand  degre  de  dissemination, 

14.  Pour  les  ^chantillons  de  ce  dernier  type,  il  convient  de  pro- 
cMer  k  une  soigneuse  ^tude  lithologique  k  la  fois  par  le  microscope 
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et  par  les  r^ctifs  chimiques.  lis  offrent  a  premidre  vue  toutes  les 
apparences  du  basalte,  des  dykes  et  des  nappes,  soil  pour  la  couleur, 
soit  pour  le  grain  de  la  cassure,  mais  on  y  distingue  des  particules 
brillantes  qui  peuvent  ^tre  ais^ment  reconnues  comme  fornixes  de 
fer  m^tallique  ;  ces  particules  sont  herm^tiquement  enveloppto^ 
par  la  dol^rite,  dout  elles  sont  s^par^es  parfois  par  une  enveloppe 
noire,  et  il  arrive  souvent  qu'elles  sont  associ^es  k  un  mineral  bril- 
lant  autre  que  le  fer. 

Des  petits  nodules  de  fer  peuvent  6tre  d^tach^  de  la  dol^rite, 
et  quelques-uns  d'entre  eux  sont  ais^ment  aplatis  sous  le  marteau. 

Je  n'en  ai  pas  observe  qui  fussent  plus  gros  qu'un  pois,  quoiqae 
des  observateurs  en  aient  signal^  de  plus  volumineux. 

Certaines  portions  de  la  dol^rite  ne  pr^entent  pas  a  Toeil  nu 
trace  de  fer ;  mais,  si  on  les  r(!'duit  en  lames  minces,  le  microscope 
y  r^v^e  Texistence  du  m^tal,  associ^  avec  les  min^raux  constitutifs 
de  la  roche  qui  renferme,  en  outre,  un  sulfure  m^tallique,  du  gra- 
phite, et  une  substance  noire  et  vitreuse  appel6e  hisingerite.  Ces 
corps  sont  visibles  a  I'oeil  nu,  mais  on  arrive  a  dueler  aussi  dans 
certaines  parties  de  la  dol^rite,  et  sp^cialement  en  association  avec 
le  graphite,  du  corindon  et  du  spinelle,  a  un  ^tat  de  plus  grande 
division. 

La  roche  qui  nous  occupe  est  une  dol^rite  aussi  parfaite  qu'on 
puisse  en  trouver  dans  quelque  autre  locality  que  ce  soit ;  cela  r^ 
suite  de  mes  analyses,  qui  ont  6t^  faites  sur  une  vari^t4  d'oii,  apr^ 
pulverisation,  le  fer  avait  ^t^  s^par4  aussi  compl^tement  qu'il  est 
possible  dele  faire* 

Le  fer  contenu  dans  cette  dol^rite  est  semblable  a  celui  qui  a 
6iA  d^ja  d^crit  k  propos  du  quatri^me  type.  La  portion  pierreuse 
est  constitute  ainsi  qu'il  suit : 


n. 


Silice 41.06 

Alumine |     10.20 

Protoxyde  de  fer 1     21.01 


Peroxyde  de  fer. 

Ohauz 

Magnesie  . 
Alcalis  . . . 
Eau 


8.32 
8.10 
8.76 
1.22 
8.21 


46  40 

31.76 

10.01 
8.72 
2.12 
1.89 


101.88    I  100.89 


III. 


48.00 
12.20 
15.31 
8.20 
9.70 
8.63 
1.16 
2.25 


100.45 


IV 


48.04 

13.13 

11.14 

6.89 

10.87 

5.17 

2.89 


98.13 


*  Les  dernidres  traces  de  fer  et  de  pyrite  ne  peuvent  cependant  pas  etre 
extraites. 
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Le  n°  I  contenait  un  nombre  considerable  de  grains  de  fer,  si 
bien  qu'il  ne  fut  pas  possible  d'en  op^rer  la  separation  complete ;  il 
en  r6sulte  que  la  quantity  dos^e  d'oxyde  de  fer  est  plus  grande 
qu'elle  ne  devrait  6tre. 

Le  n^  II  contenait  du  fer,  de  la  hising^rite  et  des  sulfures; 
mais  des  fragments  de  dol^rite,  purs  de  ces  substances,  pouvaient 
facilement  ^tre  obtenus. 

Le  n°  III  provient  d'un  galet  rouie,  comme  il  en  existe  beau- 
ooup  sur  le  rivage. 

Pour  le  n°  IV,  c'est  la  reproduction  de  I'analyse  faite  par  Nauch- 
koff  de  la  dol^rite  formant  la  gangue  principale  du  fer  d'Ovifak. 
Ce  chimiste  trouve,  outre  les  constituants  deja  mentionn^s,  de 
petites  quantit^s  de  soufre,  de  carbone,  de  phosphore  et  d'acide 
titanique  ;  c'est  aussi  ce  que  j*ai  observe  de  moil  c6te  dans  les  trois 
rocbes  I,  II  et  III. 

II. — Caracteres  geologiques  de  File  de  Diako  et  caraderes  geologiquea 
des  roches  a  fer  notify  compares  a  ceux  des  roches  depourvues  de  fer. 
Bemarques  sur  les  colossales  formations  hasaltiques  du  Oroeiiland  et 
^auires  regions  septentrionales,  penetrant  et  reeouvrant  des  couches  char- 
bonneuses  et  des  depots  de  debris  vegetaux, 

15.  L'ile  de  Disko,  dont  nous  avons  specialement  a  nous  pr^oc- 
cuper,  pr^sente,  aussi  bien  que  la  peninsule  de  Noursoak,  des  nap- 
pes continues  et  des  dykes  de  basalte  qui  ont  disloqu^  les  depots 
mioc^nes  et  se  sont  etendus  sur  eux.  Ces  couches  tertiaires  sont 
citees  pour  leurs  couches  r^pet^es  de. lignite  et  pour  leurs  dep6ts  de 
plantes  fossiles. 

Tout  le  long  du  detroit  de  Waigat,  de  nombreuses  localites  sont 
indiqu^es  sur  la  cote  comme  riches  en  combustibles,  et  la  mine  de 
charbon  de  Ritenbenk  est  peu  eioignee  au  nord  de  Kudliset.  A 
Netluarsak,  des  dep6ts  de  combustible  se  montrent  dans  le  basalte 
m^me,  entre  Noursak  et  Noursoak. 

Outre  le  charbon,  on  troube  fr^quemment,  comme  Tont  observe 
M.  Eink  et  d'autres,  a  Atanekerdluk,  exactement  sur  le  bord  op- 
pose du  detroit  par  rapport  aux  mines  de  Ritenbenk,  des  fragments 
de  bois  carbonise  et  quelquefois  des  troncs  d'arbres  tout  en  tiers 
couches  parallelement  k  la  direction  des  couches. 

Dans  certains  points,  sur  les,  deux  rives  du  detroit  de  Waigat, 
les  couches  de  houille  disparaissent  sous  le  trapp,  ^  500  ou  600 
pieds  au-dessons  du  niveau  de  la  mer. 
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M.  Naucbikoff,  en  explorant  la  roche  basaltique,  j  trouva  le  fer, 
en  partie  sous  forme  de  grosses  masses  ellipsoi'dales,  en  partie  a  Tetat 
de  petites  boules  et  de  fines  particules.  En  outre,  il  rencontra  du  fer 
alt^r^  comme  ciment  des  galets,  r^unis  en  une  brdche,  et  eela  ^gale- 
ment  a  la  surface  et  dans  la  profondeur.  H  signale  enfin  9a  et  la  le 
m^tal  en  petites  veines  remplissant  vraisemblablement  des  fissures. 

La  plu^  grande  profondeur  oii  il  ait  pouss^  ses  investigations  De 
d^passe  pas  2  ou  3  pieds,  et  le  fer  solide  y  a  6t^  trouv^  alt^r^.  Lie 
basalte  ainsi  explore  6tait  tr^-certainement  en  place  et  n'existait 
pas  a  rint^rieur  du  fer. 

Comme  on  voit,  la  g^ologie  de  Tile  de  Disko  est  en  definitive 
tr4s-simple :  Tassise  inf^rieure  est  de  gneiss  et,  par-dessus,  se  mon- 
trent  des  roches  s^dimentaires  de  la  formation  mioc^ne.  Ces  d^p6ts 
abondent  en  lits  de  lignite  et  de  plantes  fossiles,  qui  sont  p^n^tr^ 
recouverts  et  profond6ment  alt^r^  par  des  dykes  et  des  nappes  de 
basalte  d'&ge  recent.  Une  partie  des  substances  charbonneuses  a 
€tA  convertie  en  graphite,  qui,  dans  beaucoup  de  points,  est  m^lang^ 
au  basalte. 

16.  Nous  arrivons  maintenant  a  Tun  des  points  les  plus  impor- 
tants  pour  la  determination  de  Forigine  du  fer.  II  s'agit  de  Fetude 
lithologique  des  roches  contenant  le  fer,  compar^es  a  celles  qui  en 
sont  d6pourvues. 

J'ai  examine  des  echantillons  de  basalte  de  la  partie  metalli^re 
de  File  de  Disko,  a  une  petite  distance  de  la  localite  precise  d'Ovi- 
fitk.  Ces  roches  ne  contiennent  aucune  particule  de  fer  m^tallique, 
et  les  analyses  de  deux  echantillons  pris  en  des  points  difif^rents 
donn^rent  les  compositions  inscrites  au  tableau  suivant  sous  les  nos. 
I  et  II.  Le  n^  III  est  la  copie  de  Fanalyse,  par  M.  Nauchkoff,  d'une 
doierite  colonnaire  situ^e  a  10  milles  a  Touest  de  Godhaven. 


Silice 

Alumine 

Oxyde  ferrique 

Oxyde  ferreux 

Oxyde  de  manganese  , 

Magnesie 

Chaux 

Soude  

Potasse 

Phosphore 

Eau 

Acide  titan  ique 


48.02 
15.06 
6.50 
9.45 
0.12 
8.62 
9.62 
1.50 
0.78 
0.06 


II. 


49.02 

13.11 
5.08 

11.20 
0.20 
8.16 

10.10 
1.33 
0.85 


1.80 


ni. 


49.1a 
13.52 

5.62 
10.31 

0.28 

6.83 
11.61 

1.84 

o.oe 

0.18 
0.34 
0.52 
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I  et  II  ont  donn^  des  traces  de  nickel  et  de  cobalt. 

Je  n'ai  pas  chercb^  k  s^parer  I'acide  titanique  qui  doit  6tre  pr4* 
sent  dans  ces  roches,  ni  4  reconnaitre  les  autres  constituants  qui 
peuvent  se  presenter  sous  la  forme  de  &ibles  traces. 

Si  J'on  compare  la  composition  de  ces  dol^rites  avec  celle  des 
dol^rites  4  fer  natif  et  avec  celle  de  dol^rites  provenant  d'autres 
regions  du  globe,  en  bornant  la  comparaison  aux  cinq  61^ments 
principaux,  on  reconnatt  que,  chimiquement,  la  roche  4  fer  natif  ne 
pr^sente  aucun  caract^re  distinctif. 

N*"  1.  Trapp  ancien,  feuillet^,  A  gros  grains,  provenant  du  mont 
Esja,  en  Islande. 

N"^  2.  Roche  de  couleur  plus  claire  que  le  basalte,  du  mont 
HogaQall,  en  Islande. 

N""  3.  Basalte  amjgdaloide  du  mont  Ararat,  en  Asie  Mineure, 
contenant  environ  J  de  trachyte. 

N""'  4  et  5.  Calculs  &its  par  Bunsen  de  la  composition  compara- 
tive des  roches  pjrox^niques  du  Caucase  et  de  I'lslande. 

N"^  6  et  7.  Comparaison  montrant  T^troite  analogic  des  roches 
&  palagonite  (6)  et  des  trapps  pyrox^niques  de  I'lslande  (7). 

N*"  8.  Dol^rite  des  dykes  de  Greenville,  au  Canada. 

N*  9.  Dol^rite  de  York  County,  Pensylvanie. 

N"*  10,  11,  12  et  13.  Dol^rite  des  vall^s  du  Connecticut,  de 
points  nettement  s^par^  les  uns  des  autres. 

N**  14.  Dol^rite  k  fer  natif  d'Ovifek,  d'aprfe  M.  Nauchkoff. 

N"  15.  La  m^me,  d'apr^es  mon  analyse. 

36 
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1 
2 

8 
4 

6 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 


1 

i 

> 

g 

I 

fl 

1  a 

:   ® 

1 

I 

1 

> 

60.06 

18.78 

11.69 

11.66 

5.20 

49.17 

14.89 

16.20 

11.67 
9.61 

6.82 
6.89 

54.84 

26.54 

3.70 

48.47 

31.97 

11.66 

4.72 

S.28 

48.47 

80.16 

11,87 

6.89 

2.61 

49.24 

80.82 

9.78 

7.97 

2.S3 

48.47 

81.16 

11.87 

6.89 

2.61 

60.25 

32.10 

9.63 

6.04 

2.70 

52.58 

26.70 

10.27 

7.99 

2.79 

&3 

ft 

52.11 

14.29 

8.30 

8.61 

10.77 

7.67 

2,54 

53.64 

14.87 

9.96 

1.98 

9.53 

6.49 

3.48 

61.90 

16.77 

10.74 

2.00 

7.88 

6.81 

4.34 

61.06 

16.85 

10.79 

3,88 

8.72 

6.83 

3.82 

49.18 

18.62 

10.31 

5.52 

11.61 

6,83 

1.90 

48.26 

14.08 

10.32 

5.76 

9.81 

8.89 

1.96 

Je  n'ai  pas  cherch^  a  determiner  la  composition  min^rale  de  la 
dol^rite  d'Ovifak,  en  calculant  la  proportion  d'oxyg^ne  de  la  silice 
dans  cette  roche,  car  j'ai  pens4  que  cette  m^thode  serait  parfkit«^ 
ment  inutile.  En  effet,  les  min^raux  m^lang^  sont  trop  varies  et 
leurs  proportions  sont  loin  d'etre  assez  fixes  pour  qu'on  puisse  les 
estimer  de  cette  mani^re.  Le  seul  proc6d6  qui  permette  d'y  par- 
venir  est  de  soumettre  la  roche  a  une  6tude  microsoopique.  Quoique 
de  grands  progr^  aient  4t6  faits  dans  I'^tude  des  caractdres  opti- 
ques  des  min^raux  pendant  ces  derni^res  ann^es,  il  reste  cependant 
beaucoud  a  apprendre  dans  cette  voie,  sp^cialement  en  ce  qui  con- 
cerne  la  distinction  mutuelle  des  feldspaths.  Kous  ne  sommes  pas 
dispose  ^  adopter  les  vues  de  M.  Tschermak  relativement  ^  ce 
groupe  de  min^raux,  sur  lesquels  de  vives  lumidres  ont  €t^  jet^es 
par  les  r^cents  travaux  de  M.  Des  Cloizeaux.  II  faut,  pensons- 
nous,  abandonner  Tid^e  de  classer  les  feldspaths  en  trois  esp^ces  d^- 
finies,  variant  seulement  par  melange. 

Les  essais  chimiques,  s'ajoutant  k  Texamen  microscopique,  sont 
souvent  capables  de  decider  certains  points  n^gatifs,  et  m^me,  par- 
fois,  de  nous  fournir  des  donn^es  positives.     Cest  ainsi  que  je  crois 
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avoir  reconnu  d'une  fa9on  certaine  que  Tanorthite  n'existe  pas 
dans  la  dcl^rite  d'Ovifak,  si  ce  n'est  peut^tre  en  quantity  trds- 
minime. 

J'ai  pr^par6,  dans  ce  but,  des  sections  minces  de  nombreux 
^chantillons  de  dol6rites,  les  unes  sans  fer,  les  autres  avec  fer. 
Elles  ont  6t6  examinees  au  microscope,  et  je  suis  heureux  de  dire 
que  j'ai  ^t^  aid6  dans  mes  travaux  par  M.  G.-W.  Hawes,  de  New- 
Haven,  tr^s-habile  sp^cialiste  dans  ce  genre  de  recherches.  Aussi 
puis-je  annoncer  les  r^sultats  avec  beaucoup  d'assurance. 

Ce  qui  frappe  tout  d'abord,  c'est  un  assemblage  d'augite  et  de 
plagioklase  avec  une  proportion  considerable  d'olivine  en  gros  frag- 
ments, tr^-irr^guliers,  dont  les  contours  sont  arrondis.  C^k  et  la  se 
d^tachent  des  lamelles  vertes  de  viridite  et  des  grains  noirs  de  mag- 
netite. On  retrouve  de  tous  c6tes  des  traces  du  r^sidu  vitreux, 
impr^gne  souvent  de  magnetite  et  pr^sentant  des  caract^res  tr^s- 
nets  d'alt^ration.  Enfin  le  fer  m^tallique  se  pr^sente  en  grains  an- 
guleux  envelopp^s  d*un  ^pais  rev^tement  noir. 

17.  Mon  opinion,  comme  celle  de  M.  Hawes,  est  que  le  felds- 
path  de  cette  roche,  design^  pr^cedemment  sous  le  nom  vague  de 
plagioclase,  est  le  labradorite.  II  ressemble  en  efi'et,  d'une  mani^re 
intime,  a  des  ^chantillons  bien  d^finis  de  ce  mineral.  On  nes  au- 
rait  y  voir  de  Fanorthite,  comme  je  Tai  prouv^  chimiquement  de  la 
maniere  suivante : 

2  ou  3  grammes  de  chaque  ^chantillon  furent  r^duits  en  poudre 
fine  et  additionn^s  d'environ  10  a  15  grammes  d'acide  chlorhydrique 
concentre.  Apres  dix-huit  ou  vingt  heures,  le  liquide,  abandonn6 
k  la  temperature  ordinaire  et  agite  plusieurs  fois,  fut  filtre.  On  n'j 
trouva  que  des  traces  tres-faibles  de  cbaux,  et  dans  plusieurs  cas 
m^me  ces  traces  firent  defaut.  Les  silicates  attaqu6s  semblent  avoir 
ete  de  Tolivine  et  des  chlorites,  car  il  y  avait  abondance  de  magn^- 
sie  dans  la  liqueur.  Si  Tanorthite  etlt  exists  dans  la  roche,  elle 
aurait  ete  attaqu^e  par  I'acide,  et  la  chaux  aurait  facilement  ete 
trouv^e  dans  le  liquide. 

Bien  que  la  chose  ne  i^t  pas  indispensable  pour  etablir  Texacti- 
tude  de  ma  conclusion,  cependant  il  me  parut  int^ressant  d'exami- 
ner  les  basaltes  de  la  variety  dite  diabase^  connus  pour  contenir 
Tanorthite  en  cristaux  assez  volumineux.  Ces  roches  me  furent 
envoyees  par  M.  Hawes,  qui  les  a  etudi^es  avec  le  plus  grand  soin. 
Elles  provenaient  de  New-Haven  et  de  Hanovre,  dans  le  New- 
Hampshire.     Je  les  traitai   par   Tacide   chlorhydrique,  comme  il 
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vient  d'etre  dit,  et  dans  tous  les  cas  un  abondant  pr^cipit^  de  chaux 
se  produisit.  Le  m^me  fait  se  renouvela  avec  un  ^hantiUon  de 
lave  du  V^suve,  renfermant  des  cristaux  d'anorthite. 

Ainsi  je  puis  dire  avec  assurance  que  la  dol^rite  d'Ovifkk  ne 
contient  pas  d'anorthite,  au  moins  dans  aucun  des  ^chantillons  qui 
m'ont  ^t^  envoy^s  coname  types.  On  verra  pourquoi  j'insiste  sur 
cette  circonstance. 

18.  Pour  r^sumer  les  caractdres  lithologiques  de  la  dolerite  a  fer 
natif  d'Ovifak,  nous  conclurons  que  c'est  une  dolerite  aux  ^I^ments 
largement  cristallis^s.  Le  fer  natif  y  est  parfois  enveloppe  d'un 
mineral  noir  forme  probablement  de  magnetite,  mais  fr^uemment 
aussi  les  min^raus  basaltiques  ont  cristallis^  imm^iatement  contre 
le  m^tal,  le  labradorite  le  p^n^trant  m^me  avec  des  aretes  et  des 
angles  trds-vifs.  L'olivine  y  est  d'une  couleur  brun  jaun&tre  et 
parait  tr^s-alt6r^e.  La  matidre  vitreuse  n'est  pas  ais^ment  reoon- 
naissable,  a  cause  de  sa  raret6  et  de  la  presence  dans  sa  masse  de 
petites  particules  cristallines  provenant  de  sa  devitrification. 

Sur  beaucoup  de  points,  nous  avons  trouv6  de  la  viridite,  une 
cblorite  imparfaitement  d^finie  qui  ne  polarise  pas  la  lumi^re,  mais 
agit  comme  du  verre  vert,  de  la  nature  duquel  on  Ta  souvent  rap- 
proch4e.  L'augite  et  le  feldspath  (labradorite)  sont  tous  les  deux 
intacts. 

III. — Nature  des  mineraux  associis  au  fer  et  d,la  dolerite j  et  relatioiu 
dans  lesgueUes  Us  ont  He  trouvea. 

Ces  mineraux  sont:  1°  de  la  pyrrhotine ;  2®  du  graphite;  3° 
de  la  hising^rite ;  4°  de  la  magnetite ;  5°  du  spinelle ;  6*^  du  corindon. 

19.  Pyrrhotine  ou  penttandite. — Ce  mineral  se  trouve  adherent 
au  basalte,  depuis  T^tat  de  petites  taches  jusqu*  a  celui  de  blocs, 
de  volume  considerable.  Sa  couleur  est  tout  a  fait  celle  de  la  pyr- 
rhotine ordinaire  et  differe,  par  I'aspect  comme  par  la  structure, 
des  gros  nodules  de  troilite  trouv68  dans  les  meteorites,  aux  quelles 
on  Ta  quelquefois  compare.  Des  mineraux  silicates  pen^trent  dans 
son  interieur  d*une  mani^re  si  in  time,  qu'ils  ne  peuvent  en  ^tre 
compietement  separes.  Aussi  Tavons-nous  analyse  en  melange  avec 
une  quantite  de  ces  mineraux,  que,  malgre  les  plus  grands  soins, 
nous  n'avons  pu  reduire  a  moins  de  6  pour  100,  d'oil  il  resulte  que 
les  analyses  ne  sont  pas  tr^s-satisfaisantes.  Le  mineral  le  plus  dif- 
ficile k  separer  est  un  silicate  noir  qui  pen^tre  dans  toutes  les  direc- 
tions, jusque  dans  les  parties  presque  microscopiques. 
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La  .density  de  la  pyrrhotine  est  6gale  k  4,46.  D  apr^  plusieurs 
analyses,  qui  ne  concordent  pas  exactement,  je  lui  attribue  la  com- 
position suivante : 

Soufre 88.38 

Fer 58.48 

Nickel 1.05 

Cobalt 0.55 

Cuivre 1.58 

Ces  chiffres  ne  repr^sentent  pasoxactement  la  composition  de 
la  pyrrhotine,  qui  demande;  soufre,  39,5,  et  fer,  60,5;  mais  nous 
Savons  que  ce  mineral  se  trouve  dans  la  nature  avec  des  composi- 
tion comprises  entre  Fe'  S^  et  Fe^  S^,  et  qu'il  est  difficile  de  rencon- 
trer  des  ^chantillons  de  diff6rentes  localit6s  ayant  une  composition 
concordante,  surtout  s'ils  ne  sont  pas  cristallis^s. 

M.  Nauchkoff,  en  parlant  de  ce  sulfure,  Tappelle  troUUe,  mais 

avec  doute.     0*^,837  s6ch6s   donn^rent   0,0225   d'acide   silicique, 

0,073  de  sesquioxyde  de  fer,  et  0,054  ne  protoxyde  de  nickel,  ce 

qui  correspond  k  : 

Silicate  coUoifdal 8.59 

Fer 52.94 

Nickel 6.06 

Cuivre * traces 

Souffre  (par  difference) 83.41 

100.00 
En  faisant  abstraction  du  silicate^  on  a : 

Fer 57.91 

Nickel 5.35 

Soufre  (par  difference)  86.66 

100.00 
qui  Concorde  avec  la  formule  (Fe  Ni)  8. 

Comme  le  soufre  est  ici  dos6  par  difference,  il  est  important 
de  savoir  si  le  sulfure  dess^chd  contient  encore  de  Teau,  J'ai  fait 
le  dosage  par  la  m^thode  directe,  et  j'ai  reconnu  qu'on  ne  pent 
pas  avoir  d'^chantillon  qui  ne  donne  1,50  a  2,00  pour  100  d'eau. 
Cette  eau  doit  provenir  du  silicate  contenu  dans  le  sulfure,  sans 
doute  de  la  bising^rite,  qui  ne  pent  en  €tre  s^par^e  compl^tement. 
Par  consequent,  le  calcul  pr6c6dent  doit  etre  modifie :  le  soufre 
ayant  ^te  estim^  par  difference,  sa  proportion  doit  etre  encore 
abaiss^e. 

A  ce  propos,  le  m^me  auteur  se  r^f^re  sL  Tanalyse  faite  par 
Rivot  de  la  pyrite  nickelif^re  de  Craigmuir,  qui  a  4te  aussi  exam- 
inee par  Forbes : 
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Rlvot  Forbes. 

Fer 64.8  60.87 

Cobau} 7-6  "-03 

Soufre 36.8  37.99 

R^fiidu  insoluble 1.0  0.38 

Cependant  on  voit  que  Tune  ou  Tautre  se  rapproche  de  la  troi- 
lite  aussi  dien  que  le  sulfure  d'Ovifak,  d'apr^s  M.  Nauchkoff. 

En  r^sum^,  la  composition  de  ce  mineral  est  connue  d'une  ma- 
ni^re  fort  pen  satisfaisante.  C'est  ce  qui  arrive  toujours  quand  on 
est  contraint  d'analyser  des  melanges,  alors  m^me  que  les  sul^taa- 
ces  6trangdres  sont  en  faible  quantity,  et  surtout  s'il  n'existe  qu'une 
l^g^re  difference  entre  deux  matidres  k  distinguer  Tune  de  Tautre, 
comme  c'est  le  cas  pour  la  troilite  et  la  pyrrhotine. 

Mes  propres  analyses,  quoique  faites  avec  beaucoup  de  soin,  me 
paraissent  ^galement  insuffisantes  pour  determiner  Tesp^e  exacte 
de  ce  sulfure ;  mais  je  ue  vois  pas  de  raison  dans  mes  r^sultats  pour 
conclure  a  autre  chose  qu*^  la  pyrrhotine.  De  plus,  on  remarquera 
que  la  densit6  du  sulfure  examine  est  d'environ  0,40  plus  faible  que 
celle  de  la  troilite,  alors  que  la  proportion  du  silicate  present  ne 
pourrait  expliquer  que  le  ^  de  cett^  difference.  Enfin  j'ajouterai 
que  ce  mineral  est  beaucoup  plus  attirable  a  Taimant  que  la  troilite. 
J'ai  sou  vent  fait  de  soigneuses  analyses  de  ces  deux  sulfures  et  je 
les  ai  compares  entre  eux,*  apr^s  les  avoir  obtenus  avec  la  plus 
grande  purete ;  ainsi  je  crois  parler  avec  quelque  force  quand  je 
declare  que  ce  sulfure  est  simplement  de  la  pyrite  nickelifere  (pent- 
landite)  ou  de  la  pyrrhotine,  et  non  pas  de  la  troilite. 

20.  Oraphite. — L'existence  du  graphite,  en  association  avec  le 
basalte  et  le  fer,  n'a  pas  ete  Tobjet  de  toute  Tattention  qu'elle 
merite.  M.  Nauchkoff  n'a  dit  que  pen  de  chose  a  cet  egard.  M. 
Steenstrup  a  cependant  etudie  le  fait  plus  soigneusement,  et  a 
recueilli  deux  echantillons  oi\  le  graphite  et  la  doierite  se  pen^trent 
reciproquement.  J'en  poss^de  un  excellent  specimen,  qui  provient 
du  Musee  royal  de  Copenhague,  et  que  je  dois  k  Tobligeance  de 
MM.  Johnstrup  et  Steenstrup. 

J'ai  fait  une  tr^s-miuce  section  de  Tun  de  ces  echantillons  dont 
une  moitie  est  graphitique  et  Tautre  doleritique.  Le  resultat  de 
I'examen  microscopique  sera  donne  a  propos  du  spinelle  et  du  cor- 
indon. 

La  composition  de  la  doierite  associee  au  graphite  est  semblable 

*Comptea  Rendus,  t.  LXXXI,  p.  976;  Nov.  1876. 
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k  celle  de  la  plus  grande  partie  du  basalte  de  cette  region ;  en  ex- 
aminant  la  portion  oil  le  graphite  est  le  plus  net,  on  volt  que  les 
min^raux  silicates  y  offrent  la  m^me  composition  g6n4rale  que  dans 
le  basalte  proprement  dit,  avec  cette  difiSrence  marquee  qu'il  con- 
tient  une  quantity  considerable  d'un  mineral  alumineux  reconnu 
pour  du  corindon,  comme  on  verra  plus  loin  (24). 

Le  graphite  s6par6  de  la  silice  fournit  de  Toxyde  graphitique 
quand  on  le  traite  par  Tacide  azotique  fumant  et  le  chlorate  de 
potasse.  Le  graphite  se  rencontre  aussidans  les  portions  du  basalte 
o\i  il  n'est  pas  visible  k  Toeil  nu,  et  on  pent  le  s^parer  par  le  proc^d^ 
d^crit  ant^rieurement. 

21.  Eiaingirite, — Ce  mineral  existe  en  concretions  arrondies, 
d'un  vert  tr6s-fonc6,  en  petits  fragments,  mais  opaques  et  noires, 
quand  on  le  voit  dans  la  masse.  II  est,  le  plus  ordinairement, 
associe  avec  le  sulfure,  et  c'est  ainsi  qu'il  se  pr^sente  dans  un  min- 
eral de  cuivre  a  Riddarhyttan.  C'est  evidemment  un  mineral  sec- 
ondaire,  resultant  d'alt^rations  subies  par  la  dol^rite,  et  ce  fait 
explique  la  variation  de  sa  composition  en  difiSrentes  localit^s,  sp^- 
cialement  en  ce  qui  concerne  la  proportion  d'eau. 

J'ai  analyse  un  echantillon  pesant  200  milligrammes,  debarrass^, 
aussi  compietement  que  possible,  des  mineraux  associes,  et  je  le 
trouvai  compost  comme  il  suit : 

Silice 30.04 

Peroxyde  de  fer 57.12 

Eau 10.89 

98.05 
L'analyse  feite  par  M.  Nauchkoff  d'un  autre  echantillon  avait 
donne : 

Silice 31.70 

Peroxyde  de  fer 51.49 

Protoxyde  de  fer 8.81 

Eau 13.56 

100.56 

22.  MagnHite, — Je  n'ai,  parmi  mes  echantillons,  que  de  petits 
grains  de  ce  mineral  diss^mine  dans  le  basalte.  Un  mineral  noir, 
oommunement  dispose  aiitour  des  grenailles  de  fer,  est  egalement 
considere  comme  etant  de  la  magnetite.  Je  n'ai  cependant  pas 
trouve  de  methode  pour  decider,  d'une  mani^re  positive,  si  ce  n'est 
pas  de  I'hisingerite.  En  I'exarainant  au  microscope,  j'ai  constate 
qu'il  a  souvent  I'aspect  d'une  scorie  noire  et  que  cette  bordure  som- 
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bre  des  grains  de  fer  se  pr^sente  aussi  quelquefois  comme  une  aorte 
d'ombre. 

23.  Spinelle. — Le  spinelle  a  6t6  observe  dans  le  basalte  renier- 
jnant  du  fer  natif.  Les  seules  indications  que  j'aie  eues  sont  tiroes 
de  caract^res  chimiques. 

24.  Gorindon, — La  dol^rite  graphitique,  chauffie  au  rouge  dans 

Toxyg^ne,  donne: 

Graphite 17.50 

Residu  * 82.50 

lOO.OO 
Le  r^idu,  fondu  avec  un  melange  de  carbonate  de  soude  et  de 
potasse  et  un  peu  de  soude  caustique,  puis  traits  par  Teau  et  I'acide 
chlorhydrique,  laisse  un  second  r^idu  mineral  non  attaqu^,  ^gal  ^ 
22  pour  100.     La  portion  d^compos^e  renferme : 

Silice 34.16 

Alumine 33.85 

Protoxyde  de  fer 17.00 

Chaux 8.80 

Magn^sie 4.23 

98.04 

25.  Les  22  pour  100  inattaqu^s  par  la  premiere  fusion  furent 

fondus  de  nouveau  avec  les  alcalis  caustiques  et  carbonates,  et  une 

petite  portion  seule  devint  soluble.     La  partie  insoluble  fut  cepen- 

dant  compl^tement  d6compos^e  par  le  bisulfate  de  potasse.     CUe 

contenait: 

Silice 0.95 

Alumine 92.02 

Oxyde  de  fer 3.26 

Magn^sie 2.68 

98.90 
J'ai  fait  un  examen  plus  complet  de  ce  mineral  alumineux  en 
traitant  la  dolerite  graphitique,  grossidrement  pulv^ris^e,  par  Tacide 
fluorhydrique,  puis  en  chauffant  dans  Toxyg^ne  le  r6sidu  lav^,  afin 
de  brtiler  le  graphite,  ce  qui  n'a  lieu  qu'apr^  une  longue  action  du 
gaz  comburant.  Le  r^idu  fut  fondu  avec  les  carbonates  de  soude 
et  de  potasse  additionn^s  d'un  peu  de  soude  caustique,  puis  attaqu^ 
par  I'acide  chlorhydrique,  qui  laissa  une  grande  quantity  de  petits 
grains  irr^guliers,  tr^-durs,  d'une  couleur  gris  clair  bleu&tre,  et 

*  Ce  residu  est  un  peu  plus  lort  qu'il  ne  devait  etre  k  cause  de  I'ahsorp- 
tion  d'un  peu  d'oxygene  par  le  protoxyde  present  dans  le  mineral ;  par  con- 
^^uent  la  proportion  de  graphite  est  trop  faihle. 
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quelques  points  Doirs.  Chaufi^s  avec  le  bisul&te  de  soude  et  de 
potasse,  ces  grains  se  d^omposent  rapidement,  et  la  masse,  dis- 
soute  compl6tement  dans  I'eau,  donne  98  pour  100  d'alumine  avec 
un  pen  de  fer  et  une  trace  de  magn^sie. 

Dans  ses  recherches  de  1872,  M.  Daubr6e  rappelle  que  M. 
Berthelot,  en  examinant  un  des  ^hantillons  de  fer,  trouva  un 
faible  r^idu  d'une  substance  noire,  tr^-dure,  qui  ne  devint  soluble 
qu'apr^s  la  fusion  avec  le  bisulfate  de  potasse.  C'est  certainement 
la  m^me  mati^re  que  le  mineral  dont  je  viens  de  donner  Tanalyse, 
et  qui,  bien  ^videmment,  est  m^lang^e  avec  un  peu  de  spinelle. 

Ce  dernier  mineral  fut  attaqu^  par  la  fusion  avec  les  alcalis  et 
les  carbonates  alcalins,  et  cette  attaque  rend  compte  de  la  forte  pro- 
portion d'alumine  trouv^e  dans  cette  partie  de  Tanalyse. 

L'examen  microscopique  de  certains  ^chantillons  de  basalte 
m'offrit  un  mineral  d'une  belle  teinte  rose.  Je  pensai  d'abord  qu'il 
consistait  en  chlorite  rouge,  et  un  examen  subs^uent  le  fit  rappor- 
ter  au  sph(ine  rouge.  Mais,  apr^s  que  j'eus  ^tudi^  la  section  du 
graphite  dans  la  dol^rite  cit^e  au  n®  20,  I'abondance  avec  laquelle 
il  fut  trouv6  me  permit  de  faire  sur  lui  des  essais  chimiques. 

Une  section  taill^e  a  travers  un  specimen  de  dol^rite  raontre,  en 
association  avec  du  graphite,  un  mineral  rose  qui  est  probablement 
du  corindon,  quoique  les  observations  optiques  ne  soient  pas  cer- 
taines. 

Voici  enfin  une  experience  compl^mentaire,  relative  k  la  pr^- 
ence  du  corindon  :  une  tr^mince  tranche  pr^par^e  pour  le  micro- 
scope fut  plac^e  sur  une  lame  transparente  de  spath  fluor  et  plong^e 
dans  Tacide  fluorhydrique  concentre.  Les  min^raux  silicates  dis- 
parurent  laissant  des  particules  roses  diss^min^es  dans  une  lame  de 
graphite  qui  put  6tre  examine  au  microscope  apr^  qu'on  eut  lav6 
la  plaque  avec  precaution  et  qu'on  Teut,  apr^  dessication,  recou- 
verte  d'une  lamelle  de  verre. 

On  trouve  aussi  quelquefob  du  corindon  dans  les  sections  de 
basalte  ne  contenant  que  des  traces  de  graphite,  et  j'en  poss^de  un 
ou  deux  echantillons  tr^s-nets. 

rV. — Compositwn  dee  raehes  doUritigiieg  provenant  ^autre^  parties  du 
Qroenlandy  et  siyeddtement  de  celles  qui  eontiennent  du  fer  mHallir 
que  etdela  pyrrhotine. 

26.  Comme  le  montre  la  Carte  jointe  k  ce  M^moire,  Ovifak 
n'est  pas  la  seule  locality  de  I'ile  de  Disko  oii  du  fer  m^tallique  se 
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trouve  dans  la  dol^rite.  M.  Steenstrup,  supposant  au  fer  d'Ovifiik 
une  origine  terrestre,  pensa  naturellement  que  le  m^me  m^tal 
devait  se  trouver  dans  des  localit^s  voisines.  Pendant  sen  explora- 
tions du  d^troit  de  Waigat,  son  attention  fut  attir^,  pr^  d'Aasuk 
(a  environ  100  milles  d'Ovifak),  par  la  eouleur  ocrac^  de  quelque$ 
blocs  roul^s  de  basal te ;  mais  il  n'y  trouva  pas  de  fer  m^taUique, 
com  me  il  Tesp^rait.  En  passant  sur  le  promontoire  voisin,  oil  la 
dol^rite  a  disloqu^  une  couche  de  charbon,  il  fut  frapp^  par  les 
caract^res  particuliers  de  ce  basalte  et  en  d^tacha  des  fragments 
qu'il  rapporta  k  Copenhague.  En  les  examinant,  il  trouva  qu'ils 
6taient  remplis  de  fer  natif.  M.  Steenstrup  en  a  donn4  un  dessin 
qui  est  reproduit  dans  son  M^moire. 

Cest  une  section  de  dol^rite  grossie  150  fois,  et  montrant  des 
particules  de  fer  et  des  microlites  incolores  de  feldspatb  et  d'augite. 

PossMant,  grAce  k  Tauteur  de  cette  d^ouverte,  un  petit  ^han- 
tillon  de  la  dol^rite  d'Assuk,  je  Tai  ^tudi^  chimiquement  et  litbolo* 
giquement.  EUe  est  d'un  grain  serr^  et  le  m^tal  n'y  est  pas  tou- 
jours  visible  k  I'oeil  nu.  Quant  a  la  composition,  la  roche  diff^re 
peu  de  celle  d'Ovifak  et  renferme  : 

Silice 54.80 

Alumine 13.40 

Protoxyde  de  fer 14.02 

Chaux 7.84 

Magnesie 6.38 

Soude  et  potasse 2.18 

Nickel    0.08 

Cobalt  (reaction  trop  faible  pour  qu'on  I'ait  dos6). 

Eau 1.50 

Lorsqu'on  polit  une  surface  de  cette  dol^rite  et  qu'on  I'examine 
au  microscope,  on  y  voit  des  particules  brillantes  qui  consistent  en 
fer  natiff,  ainsi  que  le  d6montre  I'addition  d'une  goutte  de  sulfate 
de  cuivre,  dont  le  m^tal  est  iram^iatement  pr^ipit^  sur  les  grains. 

Les  lithologistes  familiers  avec  I'etude  des  roches  de  ce  genre 
consid^rent  cette  dol^rite  comme  une  des  plus  int^ressantes  qu'ils 
aient  jamais  observ^es.  Les  particules  de  fer  sont  plus  arrondies 
et  moins  anguleuses  que  dans  la  dol^rite  d'Ovifak,  et  beaucoup 
d'entre  elles  consistent  en  petits  globules  sans  aucune  bordure,  mais 
environn^s  immMiatement,  au  contraire,  par  les  cristaux  de  pla- 
gioclase,  qui  est  sans  doute  le  labradorite  m^U  peutdtre  d'oligoclase. 

La  structure  fluidale  est  tres-marqu^,  et  les  microlithes  de  pla- 
gioclase  offrent  une  magnifique  disposition  d'^coulement  autour  des 
grands  cristaux  d'augite.     Cette  structure  est  tr^-commune  dans 
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le  basalte  recent.  En  d^rivant  ces  sections,  je  dois  remercier  M. 
Steenstrup  de  m'avoir  donn^  I'id^e  de  d^poser  du  cuivre  sur  Tune 
des  surfaces  avant  de  la  fixer  sur  la  lame  de  verre,  car,  par  ce  pro- 
c6d6,  la  presence  du  fer  est  rendue  plus  apparente  et  ne  pent  6tre 
confondue  avec  celle  d'aucun  autre  mineral  ayant  F^lat  m^tallique. 

27.  Une  autre  d^couverte  importante  fut  faite  dans  le  voisinage 
de  la  m^me  locality  par  le  m^me  explorateur :  je  veux  parler  d'un 
^norme  bloc  de  pyrite  nickeli&re  dans  un  dyke  de  basalte,  a  Igdlo- 
kungoak. 

Cette  masse  min^rale  avait  200  pieds  eubes  et  un  poids  d'envi- 

Ton  28,000  kilogrammes.     Sa  density  est  de  4,391,  et  son  analyse 

<lonne : 

Soufre 86.85 

Fer 53.01 

Cuivre   2.48 

Nickel 8.11 

Cobalt 0.78 

Phosphore 0.42 

Residu  insoluble 8.20 

99.88 
En  outre,  on  observe  des  traces  d'alumine,  de  magn^ie  et  de 
<;haux. 

28.  Fer  spaOiique, — ^Du  fer  spatbique  transparent  et  d'un  jaune 
pdle  est  associ6  k  la  pyrrbotine  d'lgdlokungoak  ;  il  est  trds-cristal- 
lin  et  possdde  tous  les  caract^res  de  la  sid^rose. 

V. — Avtrea  pretendues  mMSorites  du  Qroerdand  et  couteavx  fahriquis 
par  les  Esguimaux  avec  dufer  naJtif, 

29.  II  faut  examiner  maintenant  divers  ^cbantillons  de  fer  natif 
trouv^s  le  long  de  la  c6te  du  Groenland  septentrional.  Leurs 
localit^s  exactes  sont  marquees  sur  la  Carte  {PL  I)  et  sont  au 
nombre  de  buit : 

1*»  Sowallicks,  76°  lat.  N Ross,  1818 ; 

2°  Fiskernas,  63<> Rink,  1867 ; 

3»  Niakornak,  69°16^ Rink,  1847 ; 

4**  Bale  de  Fortune,  69n5^ Rudolph,  1852 ; 

6°  Jacobshavn,  69^^14^ Pfaif,  1870; 

6°  Ovifak,  69°20^ Nordenskjold,  1870; 

7°  Assuk,  70°6^ Steenstrup,  1872 ; 

8°  Ritenbenk,  69^35^ Gieseche,  1808-1818; 

Nous  pouvons  ajoutcr : 

9°  Igdlokungoak,  69«>58^ Steenstrup,  1872. 
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Oil  a  ^t^  trouv^,  comme  nous  ravons  dit,  un  ^norme  bloc  de  pyrite 
nickelifere. 

30.  Le  fer  de  Sowallicks  pr^sente  un  grand  int^rSt  par  sa  com- 
paraison  avec  le  fer  d'Ovifak. 

L'attention  de  Ross  et  de  ses  compagnons  fut  attir^e  par  la  vue 
d'une  sorte  de  couteau  grossier  dans  les  mains  des  naturels.  II 
^tait  fabriqu^  de  petites  pieces  de  fer  aplati,  d'environ  1  centimetre, 
de  diam^tre  ^x^es  dans  une  rainure  pratiqu^e  le  long  d'un  os  et 
formant  plutdt  une  scie  irr^guli^re  qu'un  couteau.  Les  naturels 
dirent  que  le  fer  venait  d'une  colline  pr^  de  Sowallicks,  oH  il  y  en 
avait  deux  grosses  masses  ayant  chacune  2  ou  3  pieds  cubes.  L'une 
d'elles  6tait  trop  tenace  pour  qu'on  pAt  la  briser,  mais  I'autre  con- 
tenait,  outre  le  m^tal,  une  roche  noire  plus  facile  4  rompre.  Cest 
en  la  brisant  que  de  petits  morceaux  de  fer  ^taient  obtenus.  On 
les  aplatissait  pour  s'en  servir  de  la  fa9on  qui  a  H6  d^rite. 

Dans  cette  description  incomplete,  nous  ne  pouvons  manquer 
de  reconnaitre  une  ressemblance  entre  les  masses  de  Sowallicks  et 
celles  d'Ovifak.  Le  fer  fut  analyst  par  Brandes,  qui  trouva  qu'il 
contenait  3  pour  100  de  nickel;  mais  il  ne  donna  pas  d'autres 
details  sur  sa  composition,  et  il  serait  int^ressant  de  voir  s'il  contient 
du  carbone  combing. 

31.  J'ai  examin6  trois  des  autres  fers,  c'est-a-direceux  d'Ovifak, 
d'Assuk  et  de  Niakornak.  Le  r^sultat,  relativement  aux  premiers, 
a  d4J£l  6t^  donn^.  Le  fer  de  Niakornak  est  presque  semblable  a 
certains  ^chantillons  d'Ovifak,  quant  aux  caract^res  ext^rieurs.  B 
se  pulverise  ais^ment,  dans  le  mortier,  en  petits  grains  k  surface 
brillante  comme  du  plomb  de  chasse.  La  density  de  ces  particules 
est  de  7,60.     Son  analyse  donne  les  r^sultats  suivants : 

OTifak 

Fer 92.46  93.16 

Nickel 2.88  2.01 

Cobalt 0.43  0.80 

Cuivre 0.18  0.12 

Phosphore 0.24  0.32 

Soufre 1.25  0.41 

Chaux,  magn^sie traces 

Carbone  (combing)  1.74  2.34 

Silice  1.31 

100.48 
On  dosa  le  carbone  en  traitant  le  fer  pulv^ris^  par  le  chlorure 
double  d'ammonium  et  de  cuivre,  et  le  carbone  hydrate  ainsiobtenu 
pesa  2,90  qui,  multipli^  par  0,60,  donna  la  vraie  proportion  du  car- 
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bone  combing.  En  comparant  cette  composition  avec  celle  des 
particules  de  fer  d'Ovifak,  on  voit  qu'elle  s'accorde  parfaitement 
avec  elle.  Parmi  les  particularity,  nous  appellerons  Tattention 
sur  la  proportion  considerable  de  cobalt  par  rapport  au  nickel 
trouv6  k  la  fois  dans  le  fer  d'Ovifak  et  dans  celui  de  Niakornak. 
Le  fer  de  Niakornak  a  6t6  trouv^  par  M.  Eink,  en  1847,  en  pos- 
session de  quelques  Qroenlandais,  qui  d^clar^rent  Tavoir  trouv^ 
dans  une  plaine  couverte  de  galets,  prds  de  I'embouchure  de  la 
rivic^re  Annoritok ;  cette  association  avec  des  galets  est  une  autre 
analogic  avec  le  fer  d'Ovifak. 

32.  Le  fer  de  Rudolph,  qui  a  6t6  apport^  de  la  baie  de  Fortune 
en  1852,  est  regards  par  M.  Nordenskjold  comme  appartenant  aux 
fers  d'  O vifak  et  provenant  originairement  de  cette  locality ;  je  suis, 
a  cet  6gard,  parfaitement  d'accord  avec  lui,  car  les  naturels  de  la 
baie  de  F6rtune  connaissaient  la  locality  d'Ovifak  avant  que  M. 
Nordenskjold  la  visit&t,  et,  de  plus,  les  caract^res  des  deux  masses 
sont  les  m^mes. 

33.  Le  fer  de  Pfaff-Oberg,  recueilli  par  le  Dr.  Pfaff,  en  1870, 
vient  de  Jacobshavn,  distant  de  quelques  milles  seulement  de  Niak- 
ornak, et  il  est  sans  doute  originaire  de  la  mSme  locality,  car  il  a 
les  mdmes  caractdres.  H  a  Taspect  d'une  masse  de  grains  de  fer 
soud^s  ensemble  et  pr^sentant  §^  et  la  un  silicate  noir  d'aspect 
basal tique,  et  le  microscope  a  r^v^l^  que  sa  structure  est  la  m^me 
que  celle  de  la  dol^rite  du  Groealand  que  nous  avons  examinee. 
Nous  en  reconnaissons  done  Tanalogie  avec  le  fer  d'Ovifek. 

34.  Ainsi  done  nous  voyons  que  tous  les  fers  natifs  du  Green- 
land sont  semblables  entre  eux,  quant  k  leur  nature  et  k  leur  com- 
position. 

VI. — Dissemblance  entre  lefer  ^Ovifak  et  tovtes  les  miUorites  conmies; 
impossibUUe  d^expliquer  son  origine  autrement  gu'en  y  voyant  un 
dement  constihtUf  de  la  dderiie, 

35.  M.  Nordenskjold  a  d'abord  ^t^  port6  k  penser  que  les  masses 
ferrugineuses  d'Ovifak  faisaient  partie  d'une  grande  m^t^orite  de 
6  4  12  metres  de  diam^tre,  form^  principalement  d'une  masse 
analogue  au  basalte,  avec  des  grains  de  fer  diss^min^  dans  son 
int^rieur ;  mais  il  regarda  bient6t  cette  hypotb^se  comme  trop 
basard^e,  parce  que  le  basalte  qui  avoisine  le  fer  est  parfaitement 
Bcmblable  au  basalte  du  pays.  II  supposa  alors  que  la  chute  ^tait 
enti^rement  m^tallique  et  qu'un  essaim  de  fer  m^t^rique  ^tait 
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tomb^  dans  ane  nappe  ou  un  filon  de  basalte  pendant  qu'il  ^tait 
liquide  ou  p&teux.  Cette  derni^re  tWorie  a  ^t6  quelque  peu  modi- 
fi^e  d.  la  suite  des  observations  de  MM.  Nauchkoff,  Tschermak  et 
d'autres,  qui  revinrent  aux  suppositions  premieres  de  M.  Norden- 
skjold,  c'est-a-dire  "  suppos^rent  que  plusieurs  fragments  ont  r^sulte 
de  la  destruction  d'un  grand  corps  cosmique  d'une  nature  br^hoide, 
consistant  en  partie  en  fer  et  en  partie  en  une  br^he  eokritique." 
La  valeur  de  cette  th^rie  pent  maintenant  6tre  discut^  a  la  lu* 
mi^re  des  faits  fournis  par  ce  M^moire. 

36.  Les  analogies  entre  les  masses  de  fer  d'Ovifak  et  les  m^t^ 
rites  sont  au  nombre  de  deux.  La  premiere,  qui  n'a  que  peu  ou 
pas  d'importance,  est  relative  a  la  forme  des  gros  blocs  recueillis 
sur  la  grdve  par  M.  Nordenskjold. 

L'autre,  pourvue,  au  contraire,  d'une  signification  consid^rabkt 
est  Tassociation  du  nickel  et  du  cobalt  avec  du  fer  m^tallique. 

II  ne  &ut  pas  perdre  de  vue  que  Ton  ne  possMe  pas,  jusqu'ici, 
de  fer  natif  terrestre  authentique  en  masses  aux  quelles  nous  puis- 
sions  comparer  les  blocs  groenlandais.  Nos  termes  de  eomparaison 
doivent  ^tre  pris  parmi  les  minerais  de  fer  qui  appartiennent  aux 
roches  s^dimentaires  et  m^tamorphiques ;  mais,  si  nous  admettons 
que  le  fer  d'Assuk  est  d'origine  terrestre  (et  je  ne  vols  pas  comment 
la  chose  pent  ^tre  douteuse  apr^  la  description  du  gisement  donn^ 
par  M.  Steenstrup),  la  prince  du  nickel  et  du  cobalt  perd  une 
grande  partie  de  sa  signification,  car  nous  avons  vu  que  ce  fer  en 
renferme. 

Nous  Savons,  d'ailleurs,  que  le  fer  m^tallique  a  6t6  trouv^  dans 
les  basaltes  comme  dans  celui  de  la  c6te  nord-est  d'Irlande  par 
M.  Andrews  (de  Belfast),  dans  celui  du  New-Hampshire,  par 
M.  Hawes,  et  dans  ceux  de  deux  ou  trois  autres  locality.  Dans 
aucun  de  ces  cas  on  n'a  recherche  le  nickel. 

37.  Les  dissemblances  entre  les  fers  groenlandais  et  les  fers 
m^t^oriques  sont  tr^-nombreuses : 

1*^  La  croAte  durcie  d'oxyde  de  fer  ne  ressemble  en  rien  a  celle 
d'aucune  m^t6orite  connue,  et  sa  structure  est  difii^rente.  Si  nous 
examinons  I'int^rieur  d'une  masse  de  vrai  fer  m^t^rique,  nous 
trouvons  un  m^tal  compacte.  II  est  vrai  qu'il  existe  quelques  fers 
m^t^oriques  qui  se  d^composent  et  tombent  en  fragments,  mais  on 
n'a  pas  remarqu^  que  la  desegregation  all&t  de  I'interieur  4  ^ext^^ 
ieur ;  au  contraire,  quand  I'exterieur  est  en  decomposition  complete, 
I'interieur  de  la  masse  est  encore  forme  de  fer  solide  et  compacte. 
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Dans  le  cas  des  masses  de  fer  d'Ovifak,  Text^rieur  est  solide  et 
dur,  et,  en  les  brisant,  on  passe  i  un  magma  interne ;  or,  nous  ne 
saurions  trouver  rien  d'analogue  chez  les  m^t^orites. 

2^  Les  lingots  m^talliques  eux-m^mes,  qui  n'ont  pas  subi  une 
decomposition,  ont  un  tel  degr^  de  fragility  (non  produite  par  une 
oxydation  ou  une  decomposition  partielle),  que  Ton  pent  facilement 
les  pulveriser  dans  un  mortier. 

Dans  le  cas  de  fragments  de  vrai  fer  meteorique,  qui  peuvent 
etre  plus  ou  moins  broy^s  de  la  m^me  mani^re,  on  trouve  toujours 
que  les  echantillons  ont  ete  profondement  alt^r^s  et  oxyd^s  par  les 
agents  atmospheriques,  et  quand  on  arrive  au  fer  non  alt^re,  il  n'est 
pas  broye,  mais  ecrase,  difiSrence  qui  tient  a  une  tout  autre  com- 
position de  ces  masses. 

3^  Les  blocs  de  fer  furent  trouv^s,  comme  on  sait,  en  contact 
immediat  avec  les  roches  du  pays  et  m^me  adherents  avec  elles,  et 
non  pas  simplement  colics  dessus  par  quelque  substance  interm^di- 
aire.  Pour  nous  rendre  compte  de  cette  particularite,  il  faut  laisser 
de  c6te  les  gros  blocs  oxyd^s  et  etudier  les  particules  intactes  dans 
la  doierite  compacte.  Tout  prouve  que  les  unes  et  les  autres  ont 
la  mSme  origine.  L'importance  de  Tassociation  de  la  doierite  avec 
le  fer  a  ete  signal^e  plus  haut,  et  je  me  r^&re  k  ce  qui  a  ete  dit  k 
cet  egard. 

II  est  utile  de  revenir  ici  sur  les  explications  d'abord  propos^es 
par  M.  Nauchkoff,  et  ensuite  developp^es  par  M.  Tschermak,  pour 
rendre  compte  de  la  presence  du  fer  metallique  dans  le  basalte. 
Comme  nous  Tavons  dit  (35),  ces  savants  pensent  que  la  roche 
immediatement  voisine  du  metal  est  difif^rente  de  la  doierite,  et  ils 
en  font  la  vraie  gangue  du  fer,  qui  se  serait  fait  un  chemin  dans  la 
doierite  basaltique  pendant  la  periode  oil  celle-ci  etait  de  consistance 
p&teuse.  En  d'autres  termes,  ils  admettent  qu'une  masse  cosmique 
de  pierre  contenant  du  fer  est  tombee  dans  le  basalte  pendant  qu'il 
etait  liquide  ou  pdteux,  et,  pour  donner  plus  d'apparence  k  cette 
supposition,  ils  emettent  Tavis  que  cette  pierre  cosmique  est  du 
meme  type  que  les  meteorites  eukritiques,*  comme  celles  de 
Juvinas,  de  Jonzac,  de  Stannern,  de  Petersburg,  de  Shergotty  et 
de  Frankfort  en  fournissent  les  examples  les  mieux  connus.  Heme 
en  acceptant  que  la  determination  lithologique  soit  exacte  (ce  qui 

•  Rose  ay  ant  appliqu6  le  nom  d^eukriies  aux  m6t6orites  pierreuses  con- 
sistant  essentiellement  en  un  melange  d'anorthite  et  d'augite  (Acad,  de  Berlin, 
7  aovit  1862  et  Janvier  1863). 
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n'est  pas,  comme  on  le  verra  un  peu  plus  bas),  il  n'y  aurait  aucune 
force  dans  cette  deduction,  car  les  tufe  et  les  laves  eukritiques  ont 
bien  plus  souvent  une  origine  terrestre  qu'une  origine  m^t^ritique ; 
de  plus,  la  dol^rite  eukritique  n'a  pas  encore  6t^  trouv^  dans  une 
m^t^orite  bien  authentique.  Des  dykes  et  des  nappes  de  basalte 
plus  ou  moins  eukritiques  sent  bien  connus,  et  d'immenses  couches 
de  lave  et  de  tufs  eukritiques  existent  en  Islande  et  ailleurs. 

M.  Tschermak  attache  n^anmoins  beaucoup  d'importance  k  ce 
fait  que  Texamen  de  M.  Nauchkoff  prouverait  que  la  gangue 
dol^ritique  difi^re  du  basalte  environnant  et,  k  quelques  egards, 
ressemblerait,  par  la  composition,  aux  m^t^rites  a  anorthite ;  il 
ajoute  que  la  troilite  est  de  composition  analogue  k  celle  des  m^t^o- 
rites. 

'*  Je  crois,  dit-il,  qu'il  faut  regarder  comme  acquis  qu'un  essaim 
de  m^t^orites,  compos^es  d'eukrite,  de  fer  et  de  troilite,  a  6t^  pro- 
jet6  dans  le  basalte  alors  que  celui-ci  6tait  encore  dans  un  4tat  de 
fusion.  Dans  la  gangue  dont  il  s'agit,  le  fer,  Teukrite  et  la  troilite 
reproduisent  a  peu  pr^s  la  composition  des  m4t6orites  connues,  mais 
seulement  a  peu  pr^s,  une  identity  complete  ne  s'^tant  montr^ 
dans  aucun  cas.  Le  fer,  aussi  bien  que  I'eukrite  et  la  troilite,  se 
montre  tout  a  fait  different  de  tout  ce  qui  a  6t^  trouv6  dans  les 
meteorites." 

M.  Tschermak  admet  aussi  que  la  presence  de  la  magnetite  et 
du  graphite,  qui  n'a  pas-lieu  dans  Teukrite  m4t^ritique  est  une 
particularity  notable  des  pierxes  d'Ovifak,  et  qu'a  ce  point  de  vue 
la  comparaison  avec  les  eukrites  m^t^ritiques  ne  pent  ^tre  sou- 
tenue.  II  ajoute  que  la  structure  de  Taugite  qui  se  pr^nte  dans 
les  deux  gisements  est  trds-diff^rente,  et  que  dans  la  pierre  d'Ovifak 
elle  est  tr^s-semblable  a  celle  des  dol^rites  et  des  diabases ;  et  il 
conclut  n^an moins  **  que  la  constitution  intime  des  pierres  d'Ovifek 
ne  montre  rien  qui  soit  en  contradictioii  avec  les  pr^c^entes  obser- 
vations sur  les  meteorites,  si  ce  n'est  que  Taugite  ressemble  a  celle 
des  roches  terrestres."  Et  il  croit  que  'Topinion  d'une  origine 
tellurique  doit  etre  mise  de  c6te,  k  cause  de  ce  fait  que  le  fer 
nickelif^re,  comme  element  de  roches  terrestres,  n'a  jamais  ^t^ 
observe  seul  ou  associe  avec  la  troilite  et  le  graphite.  Par  cona^ 
quent,  mon  avis  a  moi  (Tschermak)  est  qu'un  soigneux  examen  de 
toutes  les  circonstances  conduit  a  conclure  que  les  masses  decouver- 
tes  a  Ovifak  ont  une  origine  meteoritique."  Comme  cette  mani^re 
de  voir  est  repandue  parmi  ceux  qui  etudient  Torigine  de  ce  fer,  je 
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vaiB  r^umer  les  points  sur  lesquek  elle  s'appuie,  en  parlant  de  ce 
que  mes  observations  m'ont  procure.  * 

38.  Les  faits  sur  lesquels  j'iusisterai  ont  ^t^  fournis  par  Tez- 
amen  des  parties  internes  des  ^chantillons  od  ils  avaient  le  moins 
possible  subi  d'alt^rations  de  la  part  des  causes  ext^rieures,  et  oil 
les  petits  granules  de  fer  ^talent  herm^tiquement  envelopp^s  par 
la  roche 

D^jA  j*ai  montr^  qu'il  n'y  a  pas  de  motif  plausible  pour  conelure 
de  la  prince  du  fer  dans  une  eukrite  k  I'origine  m^t^ritique. 
Voyons  maintenant  s'il  y  a  une  raison  de  supposer  que  I'eukrite 
pent  envelopper  les  particules  de  fer.  A  cet  6gard,  je  renvoie  au 
r6sultat  des  experiences  cbimiques  que  j'ai  faites,  oii  il  a  6te  nette- 
ment  d^montr^  que  I'anorthite  fait  d^fhut  dans  les  roches  a  fer 
natif*^.  On  se  rappelle  que  les  essais  ont  montr^  qu'un  folds- 
patb  k  base  de  chaux  n'^tait  pns  dissous,  ce  qui  etlt  eu  lieu  si  de 
Fanortbite  avait  exists ;  et  les  observations  microscopiques  ont 
porte  k  croire,  par  comparaison  avec  la  dol^rite  bien  connue,  que 
le  feldspatb  est  le  labradorite. 

Afin  de  comparer  directement  une  eukrite  m^t^ritique  avec  la 
partie  de  la  dol^rite  d'Ovifak  qui  enveloppe  le  fer,  les  experiences 
comparatives  furent  ex^cutees  avec  un  fragment  de  la  pierre  m^t^- 
orique  de  Juvinas,  et  la  cbaux  fat  abondante  pour  la  pierre  m^t^o- 
rique,  et  seulement  a  I'^tat  de  trace  pour  la  dol^rite. 

J'ai  aussi  pris  une  mince  lame  du  mSme  echantillon  de  basalte 
pr^par^e  pour  le  microscope,  et,  apr^s  Tavoir  collie  sur  du  verre, 
je  Tai  plong^e  dans  Tiicide  chlorhydrique.  Apr^  vingt-quatre 
beures,  la  lame  de  verre  fut  retiree  sans  d^ranger  la  section.  Le 
fer  et  une  partie  des  silicates  etaient  dissous,  mais  les  cristaux 
prismatiques  du  feldspatb  etaient  inattaqu^s.  SMls  avaient  ete 
formes  d'anorthite,  ils  auraient  ete  decomposes. 

Mes  resultats  sont  un  peu  plus  qu*une  confirmation  des  essais 
analogues  faits  par  M.  Steenstrup ;  ils  sont  un  peu  mieux  eiabores 
et  plus  critiques. 

Mais  Targument  le  plus  decisif  pour  montrer  que  le  fer  n'a 
apporte  aucune  gangue  speciale  dans  le  basalte  est  fourni  par  le 
gisement  d'Assuk.  Ici,  comme  je  Tai  montre  precedemment,  la 
rocbe  est  uniformement  une  doierite  a  grains  fins  avec  une  struc- 
ture fiuidale,  et  les  petites  particules  de  fer,  dont  beaucoup  sont 

*£xcept6  comme  cristaux  rares  et  detach^. 
37 
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microscopiques,  sont  ins^r^es  comme  des  gouttes  au   milieu   des 
cristaux  de  labradorite  et  d'oligoclase.  * 

Par  consequent,  uon-seulement  la  presence  de  Teukrite  autour 
des  hrs  d'Ovifak  n'est  pas  prouv^e,  mais  encore  Tezamen  direct 
fait  voir  que  le  fer  est,  dans  une  doUriie  basaUi^e  terregtre,  ossocte 
avec  dufeldspcUh  labradorite. 

39.  Main  tenant,  passons  k  la  trdUite.  Jusqu'ici  nous  avions  de 
bonnes  raisons  de  penser  que  ce  mineral  n'exL-tait  que  dans  les 
masses  cosmiqu&a,  et  sa  presence  est  un  motif  de  soup^on  sur 
Torigine  m^l^oritique  du  corps  oii  on  le  trouve.  Mais,  pour  le  cas 
en  question,  la  prC'sence  de  la  troilite  est  douteuse  et  mes  propres 
observations  ne  fournissent,  comme  on  Ta  vu,  aucune  raison  de 
penser  que  le  sulfure  soit  de  la  troilite ;  au  contraire,  je  suis  d€cid^ 
ment  d'avis  qu'il  n'en  est  pas,  conclusion  qui  est  appuy^e  par  oe 
qui  a  6t6  dit  pr^c^demment. 

Avec  nos  connaissances  actuelles  sur  ce  sujet,  il  ne  peut  y  avoir 
de  plus  grande  anomalie  que  de  la  troilite  m^t^oritique  associ^ 
avec  un  silicate  hydrate,  contenant  plus  de  12  pour  100  d'eau, 
et  qui,  d6barrass6  autant  que  possible  de  ce  silicate,  contient 
encore  de  Teau  qu'on  a  reconnue  directement.  A  ceci  il  faut 
ajouter  le  fait  qu*un  semblable  sulfure  se  pr^sente  dans  Tile  de 
Disko,  a  une  grande  distance  d'Ovifak,  notamment  la  masse  de 
200  pieds  cubes  pr^  dlgdlokungoak.  Au  lieu  dapparienir  d  la 
troilite,  nous  regardons  ce  8vlfure  comme  eiant  une  variiie  de  pyrrhih 
Une  nickelijhre. 

40.  J'arrive  a  une  difference  tr^-nette  entre  le  fer  d'Ovifak  ct 
le  fer  m^teorique :  c'est  la  grande  proportion  dc  carbone  combine 
trouv6  dans  le  premier.  Je  dois  dire  que  je  n'ai  jamais  en  occasion  de 
penser  qu'aucun  fer  m^teorique  que  j*ai  examine  contienne  la  moin- 
dre  quantite  de  carbone  combine*.  M.  Mobr,  dans  des  recber- 
cbes  sur  les  fers  meteoriques,  etc.,t  en  examine  un  grand  norabre 
au  point  de  vue  du  carbone  combine,  et  il  ne  peut  en  deceler  la 
plus  petite  quantite.  Ses  experiences  nous  sent  donnees  dans  le 
plus  grand  detail,  et  sa  method e  parait  trds-siire.  Sa  conclusion 
generale  est  qu'un  fer  meteorique  ne  contient  jamais  de  carbone 

•J'ai  decrit  dans  le  temps  (Am.  Journ.  of  Science,  2e  serie,  t.  X,  p.  153) 
un  fer  de  Campbell  County  (Tennessee),  comme  contenant  du  carbone  com- 
bing, mais  j'ai  trouv6  depuis  que  ce  fer  est  d'origine  terrestre  et  contient  dans 
ses  crevasses  des  parcelles  de  charbon  de  bois. 

tAnnalen  der  Chemie  und  Pharmacie,  Ddcembre,  1875. 
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combing.  Je  ne  suis  cependant  pas  en  ^tat  de  g^n^raliser  ce  fait 
autant  que  lui,  car  nous  devons  ^tre  prudents  dans  nos  generalisa- 
tions, relativement  aux  constituants  chimiques  et  aux  associations 
de  mat^riaux  de  notre  univers.* 

41.  Un  fait  int^ressant,  en  rapport  avec  lea  autres  proprietes 
de  plusieurs  de  ces  echantillons,  c'est  que  des  lignes  brillantes 
anguleuses,  dendritiques  et  circulaires,  sont  developp^es  par  Teau- 
forte  sur  les  surfaces  polies  des  fers  groenlandais.  Dans  plusieurs 
des  echantillons,  ces  figures  se  voient  sur  les  surfaces  polies,  m^rae 
sans  le  secours  de  Tacide,  surtout  quand  la.proportion  de  basalte 
est  considerable.  Sont-ce  des  figures  de  Widmannstsetten?  Nous 
savons  que  les  fers  meteoriques  difll^rent  les  uns  des  autres,  quant  h 
la  nature  de  ees  figures ;  elles  se  pr^sentent,  dans  la  plupart  des 
fers,  avec  des  formes  reguli^res,  les  lignes  et  les  espaces  variant 
beaucoup  en  dimension  d'un  echantillon  ^  Tautre.  Nombre  de  fers 
meteoriques  ne  donnent  pas  ces  figures  ;  certains  d'entre  eux  mon- 
trent  simplement  des  points,  d'autres  n'ont  aucune  caract^ristique 
marquee,  pendant  que  d'autres  donnent  lieu  a  des  taches  irr^gu- 
li^res  que  M.  Stanislas  Meunierf  a  recemment  regard^es  comme 
indiquant  une  esp^e  de  structure  clastique  dans  le  fer.  Avec  cette 
definition  vague  de  ce  qu'il  faut  comprendre  psir figures  de  Wtdmann- 
stoBtten,  nous  pouvons  classer  les  figures  du  fer  d'Ovifak  dans  cette 
categoric,  quoique  je  sois  persuade  que  la  cause  qui  les  produit  soit 
tr&j-difi^rente  de  celle  qui  determine  celles  de  Toluca  et  des  fers 
semblables. 

U  faut  ici  rapporter  quelques-uns  des  interessants  resultats 
obtenus  par  M.  Daubree  dans  ses  experiences  synthetiques  sur  les 
meteorites.^  Dans  la  partie  de  ses  recherches  relative  aux 
figures  de  Widmannstsetten,  il  fondit  ensemble  2  kilogrammes  d'un 
melange  de  fer,  de  nickel,  de  phosphure  de  fer  et  de  sulfure  de  fer, 
et,  apr^  refroidissement,  il  polit  et  traita  le  f^r  par  un  acide.  Une 
surface  hachee  fut  ainsi  obtenue  et,  ''au  milieu  de  dessins  dendriti- 
ques d'une  regularite  tr^s  remarquable,  on  aper^ut  alors  la  mati^re 

*Je  6uis  port^  k  penser  que  les  concretions  nodulaires  des  fers  m6t4o- 
riques  contiennent  du  carbon e  amorpbe,  k  supposer  que  ce  ne  soit  pas  du 
carbone  combing  avec  le  fer.  J'ai,  d^s  maintenant,  commence  des  recher- 
ches sur  ces  concretions,  mais  je  ne  puis  esp^rer  de  les  finir  avant  plusieurs 
mois. 

tComptes  Rend  us,  Avril,  1878. 

tComptes  Rendus,  t.  LXII,  p.  871 ;  1866. 
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brillante,  isol^  et  comme  repouss^  dans  les  interstices  sons  une 
forme  r^ticul^e/'  tout  A  fait  comme  nous  voyons  les  figures  dans  le 
fer  d'Ovifak. 

42.  Avant  de  terminer  cette  partie  de  notre  travail,  11  est  im- 
portant d'ajouter  quelques-unes  des  remarques  que  M.  Daubrfe  a 
places  dans  son  M^moire  d^ja  cit^,  car  personne  n'a  6tudi^  la  ques- 
tion plus  soigneusement  que  lui.  U  pensa  d'abord  que  les  fen 
^taient  probablement  m^t^oritiques ;  mais  un  examen  subsequent 
ajout^  aux  r^sultats  de  ses  derni^res  Etudes  sur  la  synthase  des 
m^t^orites  le  porta  k  douter  de  Texactitude  de  sa  premiere  conclu- 
sion. Sans  cependant,  que  je  sache,  s'^tre  encore  form6  une  opin- 
ion definitive,  il  dit*:  '*  I^abord  leur  composition,  ainsi  que 
certains  traits  physiques,  les  distingue  des  types  de  m^t^orites 
jusqu'a  pr^ent  connus. 

**  ,  ,  .  L'examen  au  microscope,  ou  mdme  a  la  loupe,  d'une 
plaque  mince  et  transparente,  montre  d'une  mani^re  tr^-nette  des 
cristaux  incolores,  minces  et  allonges,  macl^  suivant  des  plans 
parallMes  et  appartenant  k  un  syst^me  doublement  oblique,  de 
mani^re^  produire,  par  leur  juxtaposition  sur  Taction  de  la  lumi^re 
polaris^e,  tout  k  fait  la  mdme  disposition  que  les  cristaux  de  labra- 
dorite  de  certaines  dol^rites. 

' '  .  .  .  La  presence  et  I'abondance  du  carbone  dans  ces  masses, 
tant  combing  qu'^  I'^tat  libre,  constitue  un  autre  fiiit  non  moins 
remarquable.  Par  ces  deux  derniers  caract^res,  les  roches  d'Ovi- 
fak  se  rapprochent  des  m^t^orites  dites  charbonneuiea ;  cependant 
elles  en  different  par  d'autres  caract^res  et  avant  tout  par  leur 
aspect,  soit  dans  la  partie  m^tallique,  soit  dans  les  parties  sili- 

catees.''t 

M.  Daubr^e  dit,  dans  ses  derni^res  recherches,  que  la  question 
relative  a  Torigine  cosmique  ou  tellurique  des  roches  a  fer  natif 
d'Ovifak  n'est  pas  encore  r^olue  avec  certitude,  quoiqu*e]le  ait 
6te  Tobjet  d'un  grand  nombre  de  recherches  faites  sur  le  terrain 
et  dans  le  laboratoire.  Cette  incertitude,  dit-il,  est  la  meilleure 
preuve  de  la  ressemblance  qui  unit  les  roches  profondes  de  notre 
globe  avec  les  roches  extra  -  terrestres  qui  nous  sont  parVenues 
des  espaces;  mais  je  pense  que  M.  Daubr^e  reconnaitra  que  beau- 

♦Comptes  Rendus,  t.  LXXIV,  p.  1540;  18;2. 

tJe  n'ai  trouve  aucune  indication  de  la  presence  de  la  scbreibersite,  si 
ce  n'est  que  nous  trouvons  du  pbosphore  dans  le  basalte  etdans  le  fer,  consti- 
tuant  commun  dans  les  rocbes  terrestres  et  les  minerais  de  fer.  j.-l.  s. 
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coup  des  difficult!^  qui  s'oppoeaient  a  radmhsion  de  rhypoth^ 
terrestre,  quant  4  Torigine  du  fer  et  du  basalte,  6ont  aplanies  dans 
ce  M^moire. 

VIL — Si  lefer  est  ierrestre,  quelle  est  son  originet    Est-ee  unproduit 
primaire  <m  seeondaire  des  roches  t 

43.  Dans  mon  opinion,  j'ai  la  pleine  assurance  que  le  fer  est  un 
produit  seeondaire. 

C'est  un  fait  bien  connu  que  les  injections  basaltiques,  au  travers 
des  roches  s^imentaires,  ont  souvent  6t^  modifies  par  celles-ci. 

En  1842,  M.  Percival*  observa  que  le  trapp  de  I'^tat  de 
Connecticut,  oil  il  a  traverse,  en  certains  endroits,  des  pchistes 
secondaires,  s'est  impr4gn6  de  bitume  durci.  Cest  ce  qu'on  trouve 
dans  plusieurs  localit^s.  Partout  oil  des  dykes  de  trapp  traversent 
des  roches  stratifi^es,  11  est  plus  naturel  de  s'attendre  k  ce  qu'il 
determine  I'alt^ration  des  couches  au  contact  desquelles  il  se  trouve, 
qu'il  ne  Test  de  penser  qu'il  puisse  enirainer  avec  lui  des  fragments 
de  ces  couches. 

Ceci  pos^,  appliquons  ces  observations  k  F^norme  Eruption  de 
roches  basaltiques  du  Groenland  septentrional,  et  sp^cialement  de 
divers  points  de  Tile  de  Disko  et  de  la  c6te.  La,  nous  voyons  la 
roche  Eruptive  traversant  les  lits  mioc^nes,  pleins  de  debris  v^g^ 
taux  etde  grands  d^p6ts  de  lignite,  chauffant  d'une  mani^re  intense 
ces  mati^res  charbonneuses,  et  engendrant  de  grandes  quantit^s  de 
gaz  hydrocarbon^,  agents  puisi>amment  r^ducteurs  qui  doivent  n^ 
cessairement  agir  sur  les  constituants  du  basalte  fondu.  De  plus, 
les  masses  de  basalte  fondu  doivent  en  trainer  avec  elles  des  parties 
des  mati^res  charbonneuses  solides  qui,  elles  ausf^i,  exercent  leur 
pouvoir  r^ucteur.  Par  consequent,  il  n'cst  pas  surprenant  que 
I'oxyde  de  fer  du  basalte,  qu'il  soit  ou  non  combing  a  la  silice, 
subisse  la  <lto)nipi)?ition  et  fournisse  du  fer  m^tallique  contenant 
une  notable  quantity  de  carbone  combing,  et  qu'une  autre  partie  du 
charbon  ait  ^t^  convertie  en  graphite,  com  me  nous  en  avons  ren- 
contre dans  les  roches. 

Quoique  les  constituants,  tels  que  le  soufre  et  le  pho?phore, 
aient  surtout  ete  constates  en  combinaison  avec  le  fer,  nous  de- 
vons  cependant  nous  attendre  a  retrouver  ces  corps  dans  le  basalte 

^Report  of  the  Geology  of  the  State  of  Connecticut,  1842,  p.  815  k  320 
et  882. 


Digitized  by 


Google 


582  FER  NATIP  DU  GROENLAND. 

luim^me.  A  cet  ^gard,  je  rappellerai  seulement  ce  que  d'autres 
ont  dit,  et  surtout  M.  Daubr^e,  qui  cherche  de  quelle  fa^on  le 
fer  a  pu  se  former,  s'il  est  terrestre,  quoiqu'ii  ne  soit  pas  dis- 
pose, com  me  on  Ta  vu,  k  adopter  cette  opinion  d'une  mani^re 
abiohie. 

Ses  r^ultats  fournissent  un  tel  appui  a  mon  opinion,  que  je  les 
rapporte  dans  les  termes  m6mes  employes  par  Tauteur. 

"  Une  troisi^me  m^tbode  exp^rimentale  consiste  4  r^duire,  par 
fusion,  dans  un  creuset  brasqu^,  certaines  roches  terrestres,  comme 
le  peridot,  la  Iherzolite,  rh3'perstb^ne  du  Labrador,  le  basalte  et  le 
m^laphyre  de  di verses  locality.  Je  suis  ^galement  arrive  par  cette 
mani^re  a  la  production  du  fer,  tr^-analogue  au  fer  m^t^rique, 
tant  par  la  composition  que  par  la  structure,  notamment  en  me 
servant  de  la  Iberzolite  de  Prade,  et  il  est  digne  de  remarque  que 
ces  derniers  fers  contiennent  des  quantit^s  tr^s-notables  de  ntdbeZ, 
de  m^me  que  le  fer  m^t^orique.  Ces  m^mes  fers  sont  en  outre, 
dans  beaucoup  de  cas,  m61ang^s  de  pbosphure  de  fer,  comme  les 
pierres  m^t^oriques.  La  plupart  des  rocbes  ^ruptives,  et  surtout 
les  rocbes  basaltiques,  renferment  des  pbosphates,  soit  qu'ou  y 
aper9oive  ces  petites  aiguilles  d*apatite  sur  lesquelles  M.  Gustave 
Rose  a  appel6depuis  longtemps  Tattention,  soit  que  Tanalyse  chimi- 
que  seule  puisse  constater  la  presence  du  pbosphure  de  fer  dans  la 
masse  m^tallique  obtenue."  * 

M.  Terreil  analysa  quelques-uns  des  fers  ex  traits  par  M,  Dau- 
br^e  du  peridot  de  la  lave  basaltique  de  Langeac,  et  trouva  qu'ila 
^taient  composes  comme  il  suit : 

Densite:  6.955 

Fer 89.96 

Magan^se 0.66 

Chrome   1.66 

Nickel 1.16 

^     ■    •  f    traces 

Cobalt <     ^  .,, 

I  seilBibles 

Cuivre 0.11 

Carbone  combin6 1 .78 

Carbone  libre 2.61 

Silicium 2.80 

Soufre traces 

Comparons-les  avec  la  composition  du  fer  provenant  d'Ovifak : 
•Comptes  Rendus,  t.  LXXXIV,  p.  70;  1877. 
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Produltartlfldel.    Ferd'Ovlfak. 

Fer ' 89.96  88.28 

Nickel : . .  1.66  2.18 

«  ,    ,  (    traces 

Cobalt i         .^,  1.07 

i  sensibles 

Cuivre 0.11  0.48 

Soufre traces  0.86 

Carbone  combing : .  1.78  2.83 

Carbone  libre ^ .  2.61 

Silicate 4.20 

Silicium 2.30 

De  ces  faits  il  restera  Evident  pour  tout  le  monde  que,  par  Fac- 
tion r^ductrice  du  carbone,  le  fer  pent  se  s^parer  de  la  dol^rite 
d'Ovifak  et  renfbrmer  du  nickel  alli^  au  fer  sans  que  ce  soit  un 
argument  pour  croire  qu'il  derive  d'une  source  extra- terrestre. 

Le  basalte  fondu,  injects  au  travers  des  lits  de  lignite  et 
d*autres  mati^res  v^g^tales,  se  trouve  dans  la  mdme  condition  que 
s'il  6tait  fondu  dans  un  creuset  brasqu^. 

Comme  complement,  nous  remarquerons  que,  quoiqu'il  y  ait 
plus  de  1000  milles  de  c6tes  depuis  la  pointe  sud  du  Greenland 
jusqu'sl  Tile  de  Disko  (et  plusieurs  milliers  en  comptant  les  tlots), 
comprenant  cette  partie  du  Greenland  qui  a  ^t^  le  plus  complete' 
ment  explore,  cependant  le  fer  natif  n'a  pas  ^t^  trouv^  dans  toute 
cette  etendue  de  pays  (sauf  le  petit  fragment  que  M.  Rink  a  recue- 
illi  a  Fiskernas  et  dont  on  ignore  la  locality  originaire). 

En  second  lieu,  le  fer  ne  se  trouve  pas  in  situ  tant  qu'on  n'arrive 
pas  a  la  formation  basal tique,  qui  commence  vers  le  69*  degr6  de 
latitude  nord  et  se  montre  en.gigantesques  dykes  et  nappes,  qui 
s'^tendent  sans  interruption  jus-qu'au  76*  degr6 ;  la  elle  disparalt 
sous  rimmense  glacier  de  cette  region.  Nous  ne  saurons  peut^tre 
jamais  de  combien  elle  s'4tend  encore  vers  le  nord,  mais  ce  qui  se 
montre  repr^sente  une  c6te  in  interrompue  de  basalte  aussi  longue 
que  la  distance  qui  s^pare  Gibraltar  de  Brest. 

C'est  dans  les  regions  les  plus  m^ridionales  de  cette  contrde 
basaltique,  dans  Tile  de  Disko  et  le  long  du  d^troit  de  Waigat,  que 
le  fer  natif  a  ^t^  trouv^  le  plus  abondamment.  II  est  ^galement 
vrai  que  la  formation  basaltique  y  a  ^t^  plus  compl^tement  etudi6e, 
et  il  est  perm  is  de  supposer  que,  guid4  que  Ton  est  main  tenant  par 
une  m^thode  de  recherche,  on  retrouvera  du  fer  natif  semblable 
dans  les  autres  locality  comprises  entre  les  69*  et  76*  degr^  de 
latitude.  Tout  le  fer  trouv^  le  long  de  la  c6te  est  sans  doute  de  la 
m^me  origine,  c'est-^-dire  provient  du  basalte. 
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44.  Pour  r^umer  en  peu  de  mots  la  conclusion  a  laquelle  je 
8uis  arrive  relativement  k  Torigine  du  fer  natif  d'Ovifak,  je  dirai 
que  ce  fer  ne  provient  pas  des  grandes  profondeurs  qui  sont  les 
sources  du  basalte  lui-m^me,  que  cette  roche  a  p6n4tr6  (It  I'^tat 
fondu)  les  lits  charges  de  mati^res  orgauiques,  oii  le  charbon  a 
r^agi  sur  elle  et  a  s^par^  le  fer  des  silicates  ferrugineux.  Si  nous 
admettons  que  les  sulfures  aient  fait  Eruption  avec  la  roche  (ce  qui 
n'est  pas  probable),  ils  pourraient  aussi  avoir  ^t^  rMuits  avec  le 
concours  de  la  vapeur  d'eau,  qui  6tait  u^essairement  pr6sente 
durant  I'^ruption. 

1 
Comme  conclusion ,  je  dirai  que  j'ai  fait  tous  mes  efforts  poor 

r^unir  tous  les  faits  d'observation  recueillis  sur  les  points  od  les 
fers  se  pr^sentent,  et  toutes  les  recherches  relatives  aux  soi-disant 
m^t^orites  rapport^es  de  ces  localit^s,  celles-ci  ayant  6t6  ^tudito 
min^ralogiquement  et  chimiquement.  Les  r^ultats  sont  de  na- 
ture, j*en  ai  la  conviction,  h  ^branler,  sinon  a  detruire  entidrement 
chez  ceux  qui  s'int^ressent  k  ces  questions,  Topinion  que  les  fers 
d'Ovifak  sont  d*origine  m^t^orique. 


Toutes  mes  observations  microscopiques  ont  ^t^  confirmees  par 
MM.  Des  Cloizeaux,  Fouqu^  et  Michel  L6vy ;  ils  consid^rent  que 
la  dol6rite  contenant  le  fer  a  les  caract^res  de  Tophite  des  Pyr^nto, 
que  le  feldspath,  dans  la  masse  contenant  le  fer  (et  souvent  pene- 
trant le  fer),  est  une  pseudo-microlithe,  tr^s-allongee  suivant  p— y*! 
faisant  disparaitre  la  lumi^re  polaris^e  k  un  angle  qui  n'excMe  pas 
30  degr^s,  et  caract^ristique  du  labradorite.  La  microlithe  d'Assuk 
se  compose  de  plusieurs  feldspaths,  principalement  de  labradorite  et 
d'oligoclase.  Ils  ont  trouve  qu*un  ou  deux  des  nombreux  echantiJ- 
Ions  de  la  doierite  d'Ovifak  qu'ilsont  examines,  et  qui  ne  contenai- 
ent  pas  de  fer,  montraient  quelques  cristaux  d'anorthite,  et  qu'un 
echantillon  venant  d*une  localite  voisine  d'Ovifak  contient  des 
cristaux  plus  nombreux  du  meme  feldspath.  Ils  sont  d'avis  que 
la  doierite  et  le  fer  sont,  sans  le  moindre  doute,  d'origine  ter- 
restre. 

Au  moment  oii  ce  Memoire  est  sous  presse,  je  re9ois  une  lettre 
de  M.  G.  Lindstrom,  de  Stockholm,  qui  m'annonce  que  M.  A.-E. 
Tornebohm,  geologue  suedois,  apr^s  un  travail  trds-soigne  sur  les 
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roches  d'Ovifiik,  est  oonvaincu  aussi  que  le  fer  est  d'origine  ter- 
restre. 

Les  dessins  des  observatioDS  microscopiques  devant  accompag- 
ner  ce  M4moire  ^talent  termini;  mais,  comme  ils  ont  d^jH  ^t^ 
donn^  par  M.  Steenstrup  et  par  M.  TorDebohm,  et  qu'ils  n'ajou- 
teraient  rien  &  Tappr^iation.des  faits,  je  les  ai  supprim^s. 
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STUDY  OF  THE  EMMET  COUNTY  METEORITE, 

THAT  FELL  NEAR  ESTHERVILLE,  EMMET 

COUNTY,  IOWA,  MAY  10,  1879. 


Amer.  Jour,  Science,  xix,  1880,  pp.  459-463. 

The  fall  of  this  meteorite  is  in  all  its  attendant  circumstances 
one  of  the  most  remarkable  on  record.  I  therefore  visited  the 
region,  on  my  return  to  America  some  months  after  its  fall,  and 
saw  the  two  large  masses  which  are  the  main  representatives. 
Several  short  notices  have  already  appeared  on  the  subject ;  among 
them,  one  each  by  Professor  Shepard,  Professor  Peckham,  and 
Professor  Hinrichs;  and  in  describing  the  physical  and  chenaical 
characteristics  of  the  original  masses  I  shall  be  obliged  to  repeat 
some  details  that  have  been  brought  out 

Locality. — ^The  place  of  fall  is  near  Estherville,  Emmet  County, 
Iowa,  just  on  the  boundary  of  the  State  of  Minnesota,  latitude 
43°  30',  longitude  94°  50',  within  that  region  of  the  United  States 
which  has  become  remarkable  for  &lls  of  meteorites,  and  of  which 
I  gave  an  outline  map  in  my  article  on  "  The  Three  Meteorites  that 
fell  at  Rochester  in  Indiana,  Cynthiana  in  Kentucky,  and  Warring- 
ton in  Missouri,  within  the  space  of  one  month.*** 

The  State  of  Iowa  has  become  particularly  conspicuous  in 
recent  years  as  the  landing  place  of  these  celestial  messengers; 
and  I  now  have  under  examination  still  another  remarkable  one 
with  some  peculiar  physical  characters,  but  about  which  I  have  not 
yet  obtained  the  historic  details. 

The  phenomena  accompanying  the  fall  were  of  the  usual  character, 
but  on  a  grander  scale.  It  occurred  about  five  o'clock  in  the  aftei^ 
noon,  under  a  clear  sky,  with  the  sun  shining  brightly.  In  some 
places  the  meteorite  was  plainly  visible  in  its  passage  through  the 
air,  and  looked  like  a  ball  of  fire  with  a  long  train  of  vapor  or 

*Seo  page  628. 
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cloud  of  fire  behind  it;  and  one  observer  saw  it  one  hundred  miled 
from  where  it  fell.  Its  course  was  from  northwest  to  southeast. 
The  sounds  produced  in  its  course  are  referred  to  as  being  "  terri- 
ble" and  *' indescribable,"  as  scaring  cattle  and  terrifying  the  peo- 
ple over  an  area  many  miles  in  diameter.  At  first  they  were  louder 
than  that  of  the  largest  artillery;  these  were  followed  by  a  rum- 
bling noise,  as  of  a  train  of  cars  crossing  a  bridge.  The  concussion 
when  it  struck  the  ground  was  sensible  to  many  persons,  and  it  is 
reported  that  the  soil  was  thrown  into  the  air  at  the  edge  of  a 
ravine  where  the  largest  of  the  masses  was  found.  Two  individuals 
were  within  two  or  three  hundred  yards  of  the  spots  where  the 
two  larger  masses  fell. 

There  were  distinctly  two  explosions.  The  first  took  place  at 
a  considerable  height  in  the  atmosphere,  and  several  large  frag- 
ments were  projected  to  different  points  over  an  area  of  four  square 
miles,  the  largest  mass  going  farthest  to  the  east.  Another  explo- 
sion occurred  just  before  reaching  the  ground,  and  this  accounts 
for  the  small  fragments  found  near  the  largest  mass. 

Impact  with  the  earth: — A  remarkable  fact  connected  with  the 
fall,  besides  that  of  the  local  disturbance  of  the  earth  alluded  to, 
is  the  depth  to  which  the  mass  penetrated.  Had  the  fall  taken 
place  during  the  night,  I  doubt  if  the.  largest  fragment  would  have 
been  found.  It  struck  within  two  hundred  feet  of  a  dwelling 
house,  at  a  spot  where  there  was  a  hole  (previously  made)  six  feet 
deep  and  over  twelve  feet  in  diameter,  filled  with  water,  and  hav- 
ing a  bottom  of  stiff  clay.  This  clay  was  excavated  to  a  depth  of 
eight  feet  before  the  meteorite  was  discovered,  and  two  or  three 
days  elapsed  before  it  was  reached.  Its  total  depth  below  the  geti- 
eral  surface  of  the  ground  was  hence  fourteen  feet. 

The  second  large  mass  was  found  imbedded  in  blue  clay  about 
five  feet  below  the  surface,  at  a  place  two  miles  distant  from  the 
first.  The  third  of  the  three  largest  masses  was  not  discovered 
until  the  23d  of  February,  1880,  more  than  nine  months  after  the 
fall,  and  its  locality  was  four  miles  from  the  first.  A  trapper  on 
the  prairies,  who  had  witnessed  the  original  occurrence,  observed 
a  hole  in  a  dried-up  slough;  on  sounding  it  with  his  rat  spear; 
he  detected  a  hard  body  at  the  bottom,  land  on  digging  found 
the  stone  at  a  depth  of  five  feet.  Some  small  fragments  were 
doubtless  detached  when  the  large  mass  approached  the  ground, 
as  they  were  discovered  near  to  it.     The  frajgments  thus  far  ob- 
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tained  weighed  respectively,  437,  170,  92^,  28,  10},  4,    and  2 
pounds. 

Height  and  velocity, — A  railroad  engineer  who  observed  it  be£>re 
the  report,  estimated  its  height  to  be  forty  miles,  but  at  the  time  of 
the  explosion  much  less ;  from  an  imperfect  computation,  be  con- 
sidered its  velocity  to  be  from  two  to  four  miles  per  second. 

External  ekaractera, — ^The  masses  are  rough  and  knotted   like 
large  mulberry  calculi,  with  rounded  protuberances  projecting  finom 
the  surface  on  every  side ;  the  black  coating  is  not  uniform,  being 
most  marked  between   the  projections.     These  projections  have 
sometimes  a  bright  metallic  surface,  showing  them  to  consist  of 
nodules  of  iron;   and  they  also  contain  large  lumps  of  an  olive- 
green  mineral,  having  a  distinct  and  easy  cleavage,  which  is  more 
distinct  where  the  surface  has  been  broken.     The  greater  portion 
of  the  stony  material  is  of  a  gray  color,  with  this  green  mineral 
irregularly  disseminated  through  it.     The  two  n^inerals  are  mixed 
under  various  forms;   sometimes  the  green  mineral  is  in  small 
rounded  particles  intimately  mingled  with  the  gray,  at  other  times 
it  is  in  small  cavities  in  minute  crystalline  fragments,  without  any 
distinct  faces,  and  almost  colorless.     The  masses  are  quite  heavy 
and  vary  much  in  specific  gravity  in  their  different  parts ;  but  Che 
average  can  not  be  less  than  4.5.     When  broken,  one  is  imme- 
diately struck  with  the  large  nodules  of  metal  among  the  gray  and 
green  stony  substances,  some  of  which  will  weigh  one  hundred 
grammes  or  more.     In  this  respect  this  meteorite  is  unique,  differ- 
ing entirely  from  the  mixed  meteorites  of  Pallas,  Atacama,  etc., 
or  the  known  meteoric  stones  rich  in  iron ;  for  in  none  of  these  has 
the  iron  this  nodular  character. 

Another  striking  feature  in  the  relation  of  the  iron  and  stony 
matter  is,  that  the  larger  nodules  of  iron  appear  to  have  shrunk 
away  from  the  matrix ;  an  elongated  fissure  of  from  one  to  three 
millimetres  sometimes  intervening,  separating  the  matrix  and  nod- 
ules to  the  extent  of  one  half  the  circumference  of  the  latter,  and 
appearing  as  if  the  iron  had  contracted  from  the  stony  matrix  dur- 
ing the  process  of  cooling.  There  are  numerous  small  cavities  of 
various  sizes,  where  there  are  not  any  iron  nodules,  and  where  the 
minerals  appear  more  crystalline,  indicating  an  irregular  shrinkage 
during  the  consolidation. 

The  minerals. — At  first  sight  I  expected  to  find  more  than  two 
earthy  minerals.     The  microscope  gave,  as  with  most  meteoric 
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stones^  unsatis&ctory  results.  I  therefore  tried  to  separate  the 
stony  minerals  mechanically ;  the  only  mineral  that  I  was  enabled 
to  obtain  pure  in  sufficient  quantity  has  an  olive  green  color,  and 
occurs  in  masses  of  from  one  half  to  one  inch  in  size,  having  an 
easy  cleavage,  especially  in  one  direction;  this  is  proved  to  be 
olivine.  The  same  mineral  occurs  also  in  minute  rounded  concre- 
tions in  other  parts  of  the  meteorite ;  and  minute,  almost  colorless 
crystalline  particles  in  the  cavities  I  take  to  be  olivine.  NickeUf" 
erouB  iron,  as  already  stated,  is  very  abundant.  Troilite  exists  in 
small  quantity.     Chromite  was  also  found. 

That  the  stony  part  of  this  meteorite  consists  essentially  of 
bronzite  and  olivine  will  be  seen  from  the  chemical  investigation, 
which  found  only  three  essential  constituents,  viz.,  silica,  ferrous 
oxide,  and  magnesia.  Another  silicate  will  be  referred  to  beyond, 
consisting  of  the  same  oxides,  but  in  different  proportions  from 
either  bronzite  or  olivine. 

Chemical  constitution. — ^The  stony  part,  pulverized  and  freed  as 
fiur  as  possible  from  metallic  iron  by  the  aid  of  the  magnet,  when 
treated  with  chlorhydric  acid  on  a  water-bath  for  several  hours,  is 
resolved  into  soluble  and  insoluble  parts,  the  proportions  varying 
very  much  with  different  fragments,  and  ranging  from  sixteen  to 
sixty  per  cent  for.  the  soluble  part.  This  soluble  part  consists  of 
silica,  ferrous  oxide,  and  magnesia,  and  without  a  trace  of  lime, 
thus  indicating  the  absence  of  anorthit€. 

1.  Insolvhle  portion. — ^The  insoluble  portion  was  carefully  ana- 
lyzed by  fusion  with  carbonate  of  soda,  and  found  to  contain 

Oxygen  ratio. 

Silica 54.12  29  120 

Perrous  oxide 21.05  4.670, 

Chromic  oxide trace 

Magnesia 24.50  9.800 

Soda  with  traces  of  potash  and  lithia        .09  .028 

Alumina 08  .018 

99.29 
The  oxygen  ratio  clearly  indicates  the  mineral  to  be  Sift,  being 
virtually  Si(Mgf'e),  or  the  common  form  of  bromite  contained  in 
meteorites. 

2.  SohtUe  portion. — On  testing  the  green  mineral  already  re- 
ferred to  I  found  that  this  was  the  soluble  portion,  and  it  was 
readily  detected  in  a  pure  state  from  the  stony  part  of  the  me- 
teorite.    Its  cleavage  in  one  direction  is  very  perfect;  its  specific 
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gravity  3.35 ;  hardness  almost  7;  pulverized,  it  is  readily  and  com- 
pletely decomposed  by  hydrochloric  acid.  Two  analyses  were 
made,  one  by  decomposing  it  directly  with  hydrochloric  acid  over 
a  water-bath,  and  the  other  by  first  fusing  it  with  carbonate  of 
soda — the  two  analyses  agreeing  perfectly. 

Oxygen  ratio. 

Silica 41.50  22.13 

Ferrous  oxide 14.21  3.12 

Magnesia 44.64  17.86 

100.35 
The  above  analysis  gives  the  formula  sife,  or  that  of  .olivine. 

3.  Opalescent  silicate. — In  some  parts  of  this  meteorite,  a  silicate 
occurs  that  is  opalescent,  of  a  light  greenish-yellow  color,  and 
cleaves  readily.  In  one  instance  I  observed  it  making  a  notable 
projection  on  the  surface.  Although  I  had  a  number  of  fragments 
of  the  meteorite  for  examination,  amounting  to  ten  or  twelve 
pounds,  I  did  not  obtain  enough  of  the  mineral  to  establish  posi- 
tively its  true  character,  but  I  hope  to  obtain  more.  An  analysis 
was  made  with  about  one  hundred  milligrammes  of  the  pure  min- 
eral with  the  following  result : 

Oxygen  ratio. 

Silica 49.60  26.12 

Ferrous  oxide 15.78  3.50 

Magnesia 33.01  13.21 

98.39 
Equivalent  to  Sift3-h3i2t^,  one  atom  of  bronzite  plus  one  atom  of 
olivine,  a  form  of  silicate  that  we  might  expect  to  find  in  meteorites. 

4.  Hie  nickdiferous  iron. — As  already  stated  this  iron  is  abun- 
dant in  the  meteorite,  and  sometimes  in  large  nodules  of  fifty  to 
one  hundred  grammes;  on  a  polished  surface  the  Widmannstattian 
figures  are  beautifully  developed  by  acid.  On  analysis  it  was  found 
to  contain 

Iron 92.001 

Nickel 7.100 

Cobalt 690 

Copper,  minute  quantity. 

Phosphorus 112 

99.908 

5.  Troilite, — The  proportion  of  troilite  is  not  large,  and  it  could 
be  detached  only  in  small  fragments. 

6.  Chromite. — When  small  pulverulent  fragments  of  the  me- 
teorite are  heated  with  hydrochloric  acid  for  some  time  and  the 
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residual  matter  washed  and  dried,  it  is  easy  to  find  particles  of  the 
stony  mineral  more  or  less  filled  with  minute  black  shining  parti- 
cles which  are  chromite. 

The  constitution  of  this  meteorite,  so  far  as  I  have  been  able  to 
make  it  out,  is  therefore  as  follows : 

BronzUe,  abundant;  oliviney  abundant;  nickdiferoua  iron,  abun- 
dant; troUite,  in  moderate  quantity;  chromite,  in  minute  quantity; 
silicate,  not  yet  well  determined. 

It  will  be  thus  seen  that  in  its  composition  the  meteorite  con- 
tains nothing  that  is  peculiar.  I  should,  however,  give  it  a  unique 
position  among  meteorites,  on  account  of  the  phenomena  accom- 
panying its  fall,  especially  the  great  depth  to  which  it  penetrated 
beueath  the  surface,  and  also  because  of  its  physical  characters  and 
the  manner  of  association  of  its  mineral  constituents.  J  examined 
carefully  for  feldspar  and  schreibersite ;  but  the  absence  of  both 
lime  and  alumina  (except  as  a  trace)  clearly  proved  the  absence  of 
anorthite;  and  the  small  particles  of  the  mineral  that  might  have 
been  taken  for  schreibersite  were  found  on  examination  in  all 
instances  to  be  troilite. 


Digitized  by 


Google 


A  NEW  METEORIC  MINERAL  (PECKHAMITE), 

AND  SOME  ADDITIONAL  FACTS  CON- 

NECTEDWITH  THE  FALL  OF 

METEORITES  IN  IOWA, 

MAY  10,   1879. 


Amer.  J<mr.  Sdenee,  xx,  1880,  pp.  136,  137. 

The  mineral  now  named  peckhamite  was  referred  to  in  a  for- 
mer paper  on  the  Emmet  County  meteorite.*  Having  since  been 
furnished  with  additional  material,  I  have  been  enabled  to  make 
a  more  positive  determination  as  to  its  distinctive  characters.  It 
is  decidedly  different  from  any  mineral  I  have  seen  associated  with 
meteorites.  In  two  or  three  specimens  it  projected  above  the 
outer  surface,  having  a  dingy  yellow  color  and  a  fused  surface. 
When  broken  it  has  a  greasy  aspect  with  a  more  or  less  perfect 
cleavage,  and  the  yellow  color  has  a  greenish  hue.  In  structure 
it  differs  widely  from  olivine,  as  may  be  seen  under  the  micro- 
scope. Not  being  furnished  with  the  proper  instrument  I  have 
not  been  able  to  study  all  its  optical  characters.  Small  rounded 
nodules,  several  millimetres  in  size,  are  found  in  the  interior  of 
the  mass,  sometimes  of  irregular  form,  from  which  fragments 
nearly  pure  can  be  detached.  Its  specific  gravity,  taken  with 
about  300  milligrammes  of  fragments  is  3.23.  Chemical  analyses 
from  two  specimens  gave 

Oxygen  ratio 
1  2  from  No.  2. 

Silica 49.60  49.69  25.78 

Ferrous  oxide 16  88  17.01  8.77 

Magnesia 33.01  32.61  12.76 

98.29  99.11 

No.  1  was  made  with  100  milligrammes  detached  by  myself; 
and  No.  2  with  350,  sent  me  by  a  friend.     The  oxygen  ratio  gives 

♦See  page  586. 
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very  closely  the  formula  8ift-f-j(gRa),  or  perhaps  more  correctly 
2SiR+SiR9)  being  two  atoms  of  enstatite  or  broDzite  plus  one  atom 
of  olivine.  There  was  a  slight  inaccuracy  in  the  statement  of  the 
formula  in  the  former  paper. 

I  have  thought  proper  to  call  the  mineral  peckhamite  in  honor 
of  Professor  Peckham,  who  has  been  industrious  in  collecting  the 
minerals  of  our  lake  region,  and  to  whom  I  am  indebted  for  every 
facility  in  prosecuting  my  researches  in  connection  with  this  me- 
teorite. 

In  a  supplementary  note,  published  in  the  June  number  of  Amer. 
Jour.  Science,  p.  495, 1  have  given  a  brief  account  of  the  discov- 
ery, near  the  border  of  Dickinson  County  (the  county  west  of  Em- 
met) and  about  five  or  six  miles  southwest  from  where  the  larger 
masses  fell,  of  evidence  that  the  fall  of  the  meteorite  was  attended 
by  a  shower  of  fragments,  as  of  hailstones,  falling  upon  the  water 
of  a  lake  near  by.  The  search  which  has  been  made  over  the 
region  by  men,  women,  and  children  for  a  distance  of  eight  miles, 
and  one  half  mile  in  width,  has  resulted  in  the  collection  of  thou- 
sands of  pieces  of  this  meteorite  from  the  size  of  a  pea  to  500 
grammes,  but  mostly  quite  small.  The  number  found  has  been 
estimated  at  5,000,  weighing  in  all  about  30  kilogrammes.  All 
tlie  smaller  pieces  are  little  lumps  of  nickeliferous  iron,  and  even 
the  larger  ones  have  but  little  stony  material  attached.  Those 
familiar  with  the  numerous  small  stones  that  were  collected  after 
the  Pultusk  fall  have  but  to  imagine  these  stones  to  be  all  metal, 
and  some  idea  may  be  formed  of  what  these  fragments  are  like ; 
they  are,  however,  more  irregular  than  the  Pultusk  stones.  These 
lumps  of  iron  were  on  the  wet  prairie  for  nearly  one  year,  and  yet 
they  are  not  in  the  least  rusted,  many  parts  being  bright,  some 
looking  like  nugp:ets  of  platinum.  It  may  be  that  they  are  pro- 
tected by  an  invisible  coat  of  melted  silicate. 

It  is  clear  that  the  rapid  passage  of  the  meteorite  through  the 
air  disintegrated  the  surface  very  rapidly,  pulverizing  the  stony 
part  completely  ;  and  the  nodules  of  iron  not  undergoing  this  dis- 
integration fell  in  the  track  of  the  meteorite  for  many  miles,  and 
the  greater  number  of  them  will  never  be  found. 

I  must  state  that  we  are  indebted  to  Mr.  Charles  F.  Birge,  of 
Keokuk,  Iowa,  fur  collecting  these  facts  as  well  as  many  others 
in  connection  with  this  most  remarkable  meteoric  shower. 

In  conclusion  I  would  state  that  this  last  discovery  enables  us 
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to  fix  more  j)ositiyel7  the  direction  of  the  meteorite.  In  former 
descriptions,  including  my  own,  the  course  of  the  meteorite  is  giren 
as  from  northwest  to  southeast.  But  its  general  direction  was 
from  south-ofwest  to  north-of-east ;  the  meteorite  came  from  eoath 
of  an  easterly  course  in  Dickinson  County,  and  going  north  of  that 
line  in  Emij^et  County,  dropped  the  smaller  fragments  over  the 
surface  of  the  latter. 
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OCCURRENCE   OF  A  NODULE   OF   CHROMITE 
IN  THE  INTERIOR  OF  COMPACT  METE- 
ORIC  IRON   FROM   COAHUILA. 


Amer.  Jour.  Scieneef  xxi;  1881,  pp.  461,  462;  Compt.  Rend.,  xcii, 
1881,  pp.  991,  992. 

The  masses  of  iron  from  Coahuila  that  I  have  designated  the 
Butcher  Meteorites,  to  distinguish  them  from  other  meteorites  of 
the  same  locality,  have  already  afforded  me  several  most  interest- 
ing and  novel  results;  among  them,  concretions  of  aragonite  on 
the  exterior  (doubtless  formed  after  their  fall  from  surrounding 
conditions),  and,  more  particularly,  the  new  and  interesting  min- 
eral, daubr^elite,  concreted  in  the  interior  of  the  troilite  nodules 
that  exist  in  this  iron.  A  great  number  of  sections  have  been 
cut,  and  daubr^elite  is  always  found  with  its  well-defined  charac- 
teristics. 

Recently  I  have  had  made  two  additional  large  sections.  They 
have  furnished,  however,  but  few  nodules.  One  of  these  was  a 
well  defined,  symmetrically  oval  nodule,  17  millimetres  by  12  milli- 
metres, its  diameters  situated  6  centimetres  from  the  exterior  sur- 
face, compact  solid  iron  intervening  between  the  surface  and  the 
nodule. 

I  was  at  once  struck  with  its  being  different  from  any  nodule 
I  had  yet  observed  in  meteoric  iron.  There  was  no  troilite  in  it; 
and  although  black  it  was  not  graphite;  so  that  I  supposed  it 
might  consist  entirely  of  daubr^elite.  But  its  luster  was  more 
vitreous  than  in  this  last  mineral.  On  examining  carefully  with 
a  lens,  I  found  in  the  black  material  a  few  particles  of  a  trans- 
lucent mineral,  some  particles  of  which  were  almost  colorless,  and 
one  or  two  of  a  greenish  hue  (doubtless  magnesian  silicate) ;  and 
besides,  there  were  a  few  specks  of  iron  only  traceable  by  the 
magnet. 

The  nodule  was  virtually  a  black  granular  mass.    As  stated 
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it  was  first  taken  for  daubr^elite.  The  smallest  particle  rubbed 
fine  and  fused  with  borax  gave  the  intense  green  of  chrome ;  but 
to  mj  surprise,  when  the  powder  was  heated  in  nitric  acid  over 
a  water-bath  not  the  slightest  impression  was  made  upon  it,  show- 
ing that  it  was  not  daubr^elite,  which  is  soluble  in  nitric  acid, 
leaving  a  dark-green  residue.  Heating  it  in  fused  carbonate  of 
soda  in  no  way  changed  its  insolubility  in  acids.  These  reactioDS 
convinced  me  that  I  had  chromite;  and  on  fusing  150  milli- 
grammes of  the  finely  pulverized  mineral  with  ten  times  its  weight 
of  bisulphate  of  soda,  it  was  thoroughly  attacked  but  not  dis* 
solved.  On  treating  with  water,  and  fusing  the  residue  with 
carbonate  of  soda  and  niter,  and  proceeding  with  the  analysis 
as  is  usual  in  the  case  of  chromite,  there  was  obtained 

Chromic  oxicle 62.71— Cr 

Ferrous  oxide 88.88— :^e 

the  iron  oxide  being  in  the  solution  from  the  fused  mass,  after 
treatment  with  bisulphate  of  soda.  The  composition  thus  found  is 
that  of  chromite.  Traces  of  magnesia,  cobalt  and  silica  were  de- 
tected ;  the  magnesia  and  silica  doubtless  came  from  the  siliceous 
mineral  already  referred  to,  which  is  either  enstatite  or  olivine. 

The  result  of  these  observations,  then,  is  to  establish  the  ex- 
istence of  a  new  mineral  concretion  in  the  interior  of  meteoric 
iron;  for  while  chromite  has  been  known  to  be  associated  with 
meteorites,  this  is  the  first  instance  of  its  having  been  ibund 
imbedded  in  this  manner  in  the  interior  of  meteoric  iron.  The 
fact  thus  increases  the  interest  of  the  Butcher  meteorites,  which 
have  furnished  such  beautiful  and  distinguishing  concretions  of 
two  chrome  minerals. 

I  should  state  that  some  of  the  particles  of  chromite,  under 
the  microscope  and  with  very  intense  light,  are  feebly  translu- 
cent and  have  a  dark  reddi;*h  purple  color.  This  translucency 
of  chromite  has  been  observed  by  the  assistant  of  the  Professor 
of  Geology  in  the  College  of  France.  The  name  of  this  assistant 
I  do  not  now  recollect  and  I  can  not  now  place  my  hands  on 
the  results  of  his  researches  in  this  direction. 
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Qmpt.  Rend,,  xcii,  1881,  pp.  843,  844. 

"J'ai  pris  beaucoup  d'int^rtt  k  Texamen  de  diverses  propri- 
^t4  du  fer  m^t^orique  de  Sainte-Cathefine  (Br^il).  Ce  fer  a  d^j^ 
^16  soigneusement  examine  par  MM.  Guignet,  Daubr^  et  Da- 
mour.*  Mes  r^ultats  chimiques,  obtenus  exclusivement  sur  la 
portion  m^tallique,  s'accordent  exactement  avec  ceux  de  mon  col- 
l^ue  M.  Damour.  Je  n'ai  pu  obtenir  le  sulfure  qui  lui  est  as- 
eoci6  parfaitement  purifi6  de  quelques  parcelles  de  fer,  mais  je  lui 
ai  reconnu  exactement  les  caract^res  que  lui  assigne  M.  Daubr^e. 

**  Un  fait  int^ressant  k  not^  est  que  la  composition  de  ce  fer 
est  tr^s  voisine  de  celle  des  minces  paillettes  m^talliques  blanches 
qui  restent  apr^  la  decomposition  de  la  region  externe  de  plusieurs 
des  masses  les  mieux  connues  de  fers  m^t^riques,  paillettes  qui 
restent  en  melange  avec  les  oxydes  produits  par  la  decomposition. 

"Les  paillettes  de  Sevier  County  (Tennessee)  m'ont  fourni  les 
mat^riaux  dont  j'ai  fait  usage  dans  mon  analyse;  leur  quantity 
n  'atteignait  pas  1  gr.  Le  fer  non  alt^r^  de  cette  masse  ne  contient 
que  6  pour  100  de  nickel,  avec  un  peu  de  cobalt. 

''  L' analyse  du  fer  de  Sain te- Catherine  par  M.  Damour,  com- 
part a  celle  que  j'  ai  faite  des  paillettes  de  Sevier,  donne,  pour 
100  parties : 

Fer.  Nickel. 

Sainte-Catherine 66  84  (Damour.) 

Paillettes  de  Sevier 78  27  (Smith.) 

Le  nickel  contient  un  peu  de  cobalt. 

''Mais  le  fait  important  que  je  d^ire  noter  aujourd'hui  est 
la  mani^re  dont  se  comportent  les  fragments  de  fer  en  pr^ence  de 
Taimant. 

"  L'aimant  dont  je  fais  usage  pour  les  separations,  dans  I'nna- 


♦Comptes  Rendus,  1877,  t,  Ixxxiv,  p.  478, 1607;  t.  Ixxxv,  p.  1265. 
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lyse  des  in6t6orite8,  est  une  barre  cylindrique  d'acier,  longue  de 
0"  ,15,  et  ajant  0"  ,007  de  diam^tre;  elle  peut  soutenir  par 
chacun  de  ses  pdles,  dont  Y  un  est  termini  en  pointe,  un  fragment 
d'acierde30«'a40«'. 

*'  Si  nous  approchons  cette  barre  de  petits  fragments  d^tach^ 
du  fer  de  Sainte-Catherine  et  ne  pesant  pas  plus  de  0*'  ,100  a  0^ 
,200,  tels  que  j'en  joins  a  cette  Note,  nous  trouvons  que  I'aimant 
n'  a  sur  eux  qu'  une  action  tres  faible ;  mais,  si  nous  aplatissons  ees 
fragments  en  les  frappant  sur  une  surface  d'acier,  avec  un  mar- 
teau  ^galement  en  acier,  elles  deviennent  tr^-sensibles  a  I'aimant 
Pour  ^viter  toute  adherence  d*  acier,  j'ai  r^pete  T  experience  apri& 
les  avoir  aplatis  au  travers  de  feuilles  de  laiton,  et  le  resultat  a  4t£ 
le  mSme. 

"  D'un  autre  c6t^,  en  chauffant  au  rouge  le  fer  primitif,  on  le 
rend  encore  plus  facilement  attirable  que  par  I'aplatissement. 

''J'ai  tent4  des  experiences  analogues  avec  des  fragments  de  la 
meteorite  d'Octibbeha,  qui,  on  le  sait,  est  caract^ris^e  par  sa  rich- 
esse  exception nelle  en  nickel,  s'elevant  a  60  pour  100;  mais  son 
attraction  magn^tique  ne  pr^sente  rien  qui  la  distingue  des  aatres 
fers  m^t^oriques. 

' '  On  n'  a  jamais  observe,  je  crois,  dans  aucune  substance,  les 
particularites  magn^tiques  que  je  signale  dans  le  fer  de  Sainte- 
Catherine.  Ce  qui  les  rend  plus  remarquables  encore,  c'est  que 
la  m^t^rite  est  plus  ou  moins  polaire  et  que  le  sulfure  qu'elle 
contient  est  forteraent  magn^tique.  Je  laisse  aux  physiciens  le 
soin  de  les  expliquer." 
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Amer.  Jour.  Science,  xxv,  1883,  pp.  417-423. 

For  some  time  after  meteorites,  either  stony  or  iron,  became 
special  objects  of  interest,  little  attention  comparatively,  was  given 
to  their  chemical  and  mineralogical  constitution,  and  it  is  not  much 
over  forty  years  that  good  and  reliable  information  on  these  points 
has  been  furnished.  Much  of  the  work  that  has  been  done  de- 
serves to  be  repeated  by  our  improved  methods  as  regards  both  their 
mineralogy  and  chemical  constitution.  This  study  is  necessary  in 
order  to  guide  us  in  the  future  to  some  correct  view  of  their  litho- 
logical  position  in  the  universe. 

My  object  at  the  present  time  is  to  refer  to  one  point,  in  con* 
nection  with  the  structure  of  the  irons,  that  has  occupied  more  or 
less  critical  study  on  my  part  since  1851,  the  results  having  been 
published  from  time  to  time  without  my  attempting  to  generalize 
them.  Eeference  is  here  made  to  the  concretions  in  the  interior 
of  meteoric  irons,  the  larger  and  more  important  ones  being  of  a 
nodular  character,  or  more  or  less  globular. 

In  some  of  these  irons  no  visible  concretions  have  been  de- 
veloped by  the  sections  of  them  that  have  been  thus  far  made. 
Notably  among  this  class  is  the  Dickson  County  iron,  that  was 
seen  to  fall  in  1835.  Whether  this  would  hold  good,  if  many  more 
sections  of  it  were  made,  we  can  not  tell.  I  have  not  seen  them 
in  any  sections  of  the  Braunau  iron,  which  was  also  seen  to  fall ; 
but  my  observations  on  this  last  iron  have  been  limited.  There 
are  other  meteorites  of  which  the  time  of  fall  is  not  known  that 
can  be  placed  in  the  same  category.  But  the  presence  of  concre- 
tion is  the  general  rule. 

What  are  these  concretions?  Those  which  first  attracted  atten- 
tion, on  account  of  their  size  and  constancy,  were  composed  essen- 
tially of  sulphur  and  iron,  so  well  and  widely  known  in  the  8eela»- 
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gen  iron,   sections  of  which  were  early  and  largely  distributed 
among  mineral  cabinets. 

The  second  kind  of  concretion  noted  is  of  a  brighter  yellow 
color  than  the  last,  with  which  it  was  long  confounded,  until 
Partsch  pointed  out  that  it  consisted  essentially  of  phosphorus  and 
iron ;  it  is  seen  in  a  very  marked  manner  in  the  Lockport,  Toluca, 
Tazewell,  and  many  other  irons. 

A  third  concretion,  of  a  dull  black  color,  frequently  more  or 
less  mixed  with  the  sulphuret,  was  found  to  be  a  form  of  graphite, 
as  in  the  Sevier  and  Toluca  irons. 

1:     A  fourth  concretion,  found  by  me  in  two  different  irons,  was  in 
small  parcels  and  consisted  of  protochloride  of  iron. 

A  fifth  concretion  I  discovered  in  1876  in  tLo  Coahuila  masses, 
called  the  Butcher  meteorites.  It  is  second  to  none  in  interest,  hav- 
ing marked  mineralogical  and  chemical  characteristics  to  be  referred 
to  under  its  proper  head,  it  being  a  sulphuret  of  chromium  and 
iron. 

A  sixth  concretion  is  one  I  have  but  recently  discovered.  I 
have  as  yet  found  but  one  specimen,  but  that  of  some  size  and  well 
marked.  The  specimen  is  in  a  polished  slab  of  about  twelve  inches 
square,  which  is  now  in  the  hands  of  Professors  DesCloizeaux  and 
Daubr^e  for  inspection,  and  for  the  present  in  the  cabinet  of  the 
Garden  of  Plants.  It  is  chromite.  The  list  of  concretionary  min- 
erals does  not  terminate  here,  for  there  are  others  of  obscure  char- 
acter in  the  interior  of  some  of  those  already  mentioned,  which 
will  be  referred  to  as  we  make  a  short  statement  respecting  their 
manner  of  occurrence  and  composition. 

Sulphuret  of  iron  (troilite,  FeS). — ^The  nodules  of  this  mineral 
are  larger  than  those  of  any  of  the  others  yet  found  in  the  interior 
of  meteoric  iron,  some  of  them  weighing  from  one  hundred  to  two 
hundred  grammes.  As  in  the  Toluca  and  Augusta  County  irons, 
they  are  most  commonly  globular,  and  they  are  often  very  numer- 
ous in  the  iron.  It  is  not  my  object  to  enter  into  any  detailed 
minerfklogical  description  of  them,  for  they  are  well  known  by  their 
dark-bronze  color,  which  color  in  troilite  of  the  pure  type  extends 
unaltered  to  the  very  boundary  of  the  inclosing  iron.  They  are 
either  granular  in  structure,  or  more  solid  with  a  marked  cleavage 
in  one  direction ;  the  latter  kind  I  have  found  to  be  the  purest 
form.  It  is  readily  acted  on  by  dilute  chlorhydric  acid,  especially 
when  slightly  warmed,  and  is  completely  dissolved,  thus  distinguish- 
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ing  it  in  a  marked  manner  from  some  of  the  other  concretions  to 
be  referred  to.  It  w&s  for  some  time  considered  identical  with  the 
mngnetic  sulphuret  of  iron  (pyrrhotite) ;  but  my  labors  in  1853 
proved  it  to  be  a  protosulphuret  of  iron  (FeS)  ;  and  further  exam- 
inations with  the  purest  specimens  have  confirmed  the  first  results. 
Bammelsberg  and  others  have,  by  independent  analyses,  sustained 
this  determination.  Troilite  is  hence  a  meteoric  mineral  having  no 
terrestrial  representative. 

The  iron  immediately  inclosing  these  nodules,  and  within  a 
milli<rramme  or  two  of  them,  gives  but  a  trace  of  sulphur  on  analy- 
sis. The  finest  type  of  pure  troilite  I  found  is  in  the  Sevier  County 
iron,  although  thid  iron  contains  nodules  of  it  largely  mixed  with 
other  minerals. 

ScJireibenlte  (phosphuret  of  iron  and  nickel,  Ni2Fe4P). — We  do 
not  have  to  go  far  in  the  examination  of  troilite  nodules  before 
finding  gome  of  them  coated  or  penetrated  by  a  bright  yellow  min- 
eral, quite  like  some  sulphurets  of  iron  but  unlike  troilite.  It  is 
abo  found  in  fissures  and  small  irregular  cavities,  but  I  have  not 
yet  seen  it  in  independent  globular  concretions.  While  all  forms  of 
schreibersite  are  interesting,  what  most  attracts  the  attention  of 
the  geologist  and  mineralogist  is  its  association  with  troilite,  as  in 
the  irons  of  Lockport,  Toluca,  Tazewell  County,  Pittsburgh,  etc. 
The  nodules  of  troilite  in  these  irons  are  completely  coated  with  it, 
the  line  of  demarkation  being  well  defined.  In  a  section  of  the 
Lockport  iron  that  U  in  my  cabinet  several  nodules  of  troilite  two 
centimetres  in  diameter  have  the  coating  from  one  to  two  milli- 
metres in  thickness.  On  bringing  a  magnet  near  to  the  smaller 
fra;^inents  it  is  attri^cted  almost  as  readily  as  iron,  while  troilite  is 
barely  affected  by  the  magnet.  Sulphur  is  not  found  in  this  min- 
eral, although  so  closely  adherent  to  a  sulphuret;  and  the  inclosed 
troilite  contains  a  trace  of  phosphorus  although  there  are  fourteen 
per  cent  in  the  schreibersite.  Its  composition  and  formula,  as  made 
out  by  me  in  1853,  is.  Phosphorus  15.47,  iron  55.36,  nickel 
29.17,  corresponding  to  NiaFe4P.  My  examinations  of  other  spec- 
imens obtained  from  other  meteorites,  some  in  very  minute  crystals, 
have  proved  all  to  have  the  same  composition.  This  fact  is  men- 
tioned because  some  have  supposed  that  there  is  another  similar 
phosphuret  differing  in  composition  from  the  above.  As  yet  I  have 
no  chemical  evidence  of  this. 

The  insolubility  of  schreibersite  in  chlorhydric  acid  facilitates 
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the  obtaining  of  it  in  a  pure  state,  as  by  this  means  the  last  traces 
of  adhering  troilite  are  detached.  By  means  of  this  reactioD, 
aided  by  its  magnetic  property,  I  have  obtained  all  the  pure  schrei- 
bersite  needed  for  investigation.  There  has  not  yet  bec^n  found  any 
terrestrial  mineral  like  schreibersite. 

Oraphite. — The  next  concretion  that  is  most  conspicuous  in  cer- 
tain meteoric  irons,  although  it  can  not  be  called  common,  is  of  the 
character  of  graphite.  That  it  is  a  true  graphite  is  placed  beyond 
all  doubt,  first  by  the  experiments  of  M.  Berthelot,*  who  formed 
graphitic  oxide  with  material  obtained  from  the  Cranberry  iron, 
and  by  my  own  experiments  made  on  graphite  from  the  same  iron, 
and  also  from  other  irons,  as  the  Sevier  County  and  theToluca. 

The  largest  nodule  of  graphite  that  has  been  seen  in  any 
meteorite  is  the  one  described  first  by  Troost,  afterward  by  myself, 
which  came  from  the  Sevier  County  iron,  and  weighed  originally 
92  grammes  ;t  a  section  taken  from  it  in  the  direction  of  the 
longest  diameter  is  now  in  the  cabinet  at  the  Garden  of  Plants. 
Most  frequently  the  graphite  present  is  largely  mixed  with  troilite 
It  is  never  crystalline  in  structure  like  that  in  the  interior  of  cast 
iron;  it  is  quite  like  the  graphite  of  Cumberland,  England.  On 
treatment  by  ether  or  petroleum  spirits,  a  minute  quantity  of  a 
crystalline  substance  is  dissolved  that  will  be  referred  to  later  on 
as  mixed  with  sulphur. 

Daubr^dUe, — This  is  one  of  the  most  interesting  concretionaiy 
products  in  meteoric  iron.  I  discovered  it  in  1875,  in  the  Butcher 
meteorites ;  and  since  then  I  have  found  it  in  other  meteorites,  bat 
80  finely  divided  and  mixed  through  troilite  podules  that  it  would 
have  escaped  notice  altogether  had  it  not  been  for  its  very  marked 
and  prominent  mode  of  occurrence  in  the  above  mentioned  me- 
teorites. 

Being  easily  separated  from  the  iron,  I  was  enabled  to  study 
its  properties  thoroughly,  and  thereby  furnish  a  process  by  which 
it  could  be  detected  in  other  meteorites  when  completely  obscured 
from  the  eye. 

This  mineral  occurs  in  the  Butcher  meteorites  in  the  manner 
already  fully  described.  J     It  is  commonly  associated  with  troilite; 

•Annales  de  Chim.  et  de  Phyg.,  iv-xix,  892,  1870,  and  xxx,  419,  1878. 
t  Solid  carbon  compounds  in  meteorites,  p.  496. 
X  Comptes  Rendus  de  1' Acad,  des  Sciences,  1876. 
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but  the  lines  of  demarkation  are  so  distinct  that  particles  of  the 
pure  mineral  are  mechanically  detached  without  difficulty.  Its 
composition  is  now  well  known  to  be  FeS-f-^rSj,  being  analogous 
to  terrestrial  chromite,  with  the  oxygen  of  the  latter  replaced  by 
sulphur.  There  is  no  terrestrial  mineral  of  the  same  composition. 
Full  details  of  its  mineral  characteristics,  chemical  composition, 
etc. ,  are  found  in  a  previous  publication. 

Chramite. — The  most  recently  discovered  concretion  is  that  de- 
scribed by  me  as  found  in  a  section  of  the  Butcher  meteoric  iron. 
This  unique  specimen  consists  of  an  entire  nodule,  12  by  17  milli- 
meters, of  nearly  pure  chromite ;  and  being  an  oxygen  bearing 
mineral  it  is  of  special  interest  in  this  connection.  It  is  contained 
in  a  section  of  the  iron  about  twelve  inches  square,  which  is  at 
present  in  the  Mineralogical  Museum  of  the  Garden  of  Plants' at 
Paris.*  In  mass  it  is  perfectly  black;  in  small  fragments  under 
the  microscope  it  is  translucent  and  of  a  dark  ruby  color.  This 
translucence  of  chromite  was  first  noticed  a  few  years  ago  by  an 
assistant  of  M.  Fouqu^,  of  the  College  of  France. 

Lavrrencite, — This  mineral,  so  called  by  M.  Daubr^e,  I  first 
found  in  the  Tazewell  meteoric  iron  as  described  by  me  in  1853, 
and  still  later  in  the  Rockingham  iron.  It  is  a  solid  green  proto- 
chloride  of  iron  with  probably  nickel.  The  quantity  obtained  was 
small  and  could  not  be  analyzed. 

Aragonite, — I  first  discovered  carbonate  of  lime  in  small  quan- 
tity concreted  on  the  Newton  County  meteorite,  a  stony  meteorite. 
It  was  in  the  form  of  calcite.  In  1876  I  found  considerable  of  a 
crust  of  aragonite  on  two  specimens  of  the  Butcher  meteoric  iron 
from  Mexico.  But  in  neither  of  these  instances  do  I  consider  the 
carbonate  of  lime  as  belonging  to  original  meteorites,  the  incrusta- 
tions having  taken  place  afler  their  fall.  But  all  the  other  concre- 
tions referred  to  came  originally  with  the  meteorites. 

Each  of  the  concretions  enumerated,  in  all  six,  excluding  the 
last,  is  almost  as  characteristic  of  meteoric  iron  as  the  nickeliferous 
alloy  of  the  metal.  It  is  true  that  we  find  graphite  segregated  in 
artificial  iron  from  the  blast  furnace,  but  in  this  iron  it  is  always  in 
crystalline  flakes,  which  I  have  not  found  in  meteoric  iron. 

The  above  facts  do  not  exhaust  the  interesting  fisusts  connected 
with  these  concretionary  minerals  of  meteoric  iron — for  some  of 


*  Coroptea  RenduB  de  I'Acad.  des  Sciences,  1881. 
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them,  if  not  the  majority,  are  somewhat  complex  in  their  character, 
being  mixtures  of  the  various  substances  found  in  two  or  more  of 
the  purer  nodules;  and  besides  there  are  other  compounds  not 
yi.^ible  to  the  naked  eye  and  only  reached  liy  chemical  means.  I 
YriW  describe  some  of  them  that  are  complex  and  give  the  method 
of  separating  the  different  compounds. 

Before,  however,  passing  to  this  part  of  the  subject  I  will  say  a 
word  about  cdeduditey  for,  while  it  does  not  occur  in  a  concreted 
form  in  any  part  of  meteoric  iron,  it  is  found  associated  with  the 
graphite,  and  also  in  the  troilite  containing  graphite.  A  full  de- 
scription of  it  has  already  been  given.  M.  Bert  helot  has  siippofsed 
that  the  ether  used  in  the  experiments  had  something  to  do  with 
its  formation,  but  I  have  since  repeated  all  my  former  experiments 
with  petroleum  ether  in  his  presence  with  similar  results. 

There  is  also  an  undefined  Cf)baU  mineral  occurring  in  the  troilite 
of  some  of  the  veins,  which  will  be  referred  to  beyond. 

Compound  nodules. — The  difficulty  of  obtaining  a  sufficient  quan- 
tity of  these  concretions  from  many  irons,  has  circumscribed  my 
research  to  those  coming  from  three  irons:  First,  the  Toluca  iron, 
which  furnished  material  in  sufficient  quantity  only  for  a  partial  ex- 
amination; second,  the  Cranbourne;  and  third,  the  Sevier  County. 
The  latter  two  furnished  the  principal  materials  for  my  reseai-ch. 

I  will  simply  detail  my  process  with  the  results  from  the  treat- 
ment of  a  nodule  of  eight  grammes  of  a  compound  troilite  nodule 
from  the  Cranbourne  iron,  for  this  is  most  accessible  to  any  one 
desiring  to  repeat  the  experiments.  This  nodule  was  very  finely 
powdered  and  treated  with  petroleum  ether  (boiling  under  72°  C.) 
for  about  one  hour,  filtered  and  washed  with  the  same  petroleum, 
and  the  entire  amount  of  liquid  evaporated  slowly  to  dryness. 
This  gave  me  a  few  minute  crystals  of  cdedicdite  mixed  with  sul- 
phur. But  as  this  substance  is  so  enveloped  in  the  mineral  matter, 
it  is  only  in  a  subsequent  part  of  the  process  that  the  greater  part 
of  the  celestialite  is  obtained. 

After  the  treatment  by  petroleum,  the  dried  powder  is  treated 
by  dilute  chlorhydric  acid  (1  acid  to  1  water)  and  warmed  over  a 
water-bath  for  an  hour  or  two^  and  after  all  notion  has  ce^ed  more 
acid  is  added  (1  acid  to  1  water)  fpr  about  half  an  hour;  thi^  will 
dissolve  entirely  all  the  troilite  with  the  evolution  of  SHa,  leaving 
a  black  residue.  The  solution  of  troilite  is  filtered  and  the  residue 
washed.    The  troilite  solution  was  analyzed  and  found  to  contain  a 
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a  very  minute  quantity  of  nickel,  0.40  per  cent,  and  the  merest 
trane  of  cobalt;  sometimes  more  of  the  cobalt  will  oe  found  than 
nickel,  but  this  ari:$es  ironi  another  mineral  in  the  compound  nod- 
ule that  has  been  partially  attacked.  The  residue  was  then  treated 
with  petroleum  ether  in  the  manner  already  stated,  and  the  filtered 
solution  on  slow  evaporation  in  a  suinll  beaker  gave  beautiful,  long 
needle-shaped  crystals  that  weighed  .045  grammes — a  mixture  of 
sulphur  with  a  sulphur-carb<m  compound.  The  residue  from  the 
List  irons  was  treated  twice  over  a  water-bath  with  strong  chlorhy- 
dric  acid,  and  the  soluble  portion  filtered  off  and  concentrated  gave 
a  greenish-blue  solution  which,  heated  with  nitric-acid,  did  not  ac* 
quire  a  red  color,  and  on  analyi^is  was  found  to  contain  cobalt  oxide 
with  a  little  nickel,  .028;  iron  oxide,  .105;  chrome  oxide,  .008. 
The  little  chr<ime  coming  from  the  amorphous  daubr^elite  to  be 
alluded  to  a  little  further  on.  The  resiilue  from  the  last  was  dried 
on  a  water  bath  and  spread  out  carefully  and  a  magnet  applied  to 
it,  when  a  large  portion  of  it  was  attracted,  amounting  to  .603 
grammes,  composed  of  microscopic  square  prismatic  crystals  which 
doubtle!«9  were  what  G.  Rose  called  rhahdite,*  but  which  is  schrei- 
bersite,  for  I  have  obtained  it  from  other  meteoric  irons  by  treating 
them  with  chlorhydric  acid,  and  then  verifying  the  composition  of 
the  crystals  by  analysis. 

The  part  which  was  not  magnetic  was  then  treated  with  nitric 
acid,  evaporated  to  dryness,  and  treated  a^in  with  a  little  nitric 
acid  and  water  and  filtered;  an  intensely  green  solution  is  obtained, 
composed  of  €r  .010,  Co  .015,  Ve^O^  .028;  in  fact  it  is  daubr^l- 
ite  with  cobalt  and  oxide  of  iron,  coming  from  an  unknown 
cobalt  com{)ound  that  had  made  itself  very  manifest  in  a  previous 
part  of  the  examination. 

The  residue,  which  has  been  now  reduced  to  a  few  milli- 
grammes, is  found  to  be  graphite  with  a  few  minute  particles 
of  a  siliceous  mineral.  The  only  novel  feature  of  importance  in 
the  results  above  stated  is  the  appearance  of  considerable  amounts 
of  cobalt  in  certain  parts  of  the  process.  It  is  evident  that  this 
is  not  a  part  of  the  composition  of  the  troilite,  for  chlorhydric 
acid  removes  this  latter  mineral  and  but  a  trace  of  cobalt  is  found 
in  the  solution  ;  it  is  only  after  further  and  prolonged  treatment 

*Ro66  found  it  in  square  prismatic  crystals  in  the  Braunau  iron,  but  he 
could  not  determine  either  its  compos.tion  or  precise  crystalline  form. 
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with  concentrated  chlorhjdric  acid  that  the  cobalt  appears  abun- 
dantly in  solution  with  comparativelj  little  iron;  and  it  even 
requires  a  further  treatment  with  nitric  acid  before  it  is  all  d» 
solved;  then  it  is  mixed  with  the  daubr^elite.  My  oonclusioB 
is  that  it  comes  from  a  mineral  in  the  compound  nodule  first 
operated  with,  in  which  cobalt  is  a  prominent  constituent;  but 
whether  it  is  a  sulphuret  or  phosphuret  I  have  no  means  of  aEce^ 
taining,  but  in  order  to  note  its  prominent  position  I  have  thought 
proper  to  state  this  fact.  In  the  analyses  of  troilite  nodules,  I 
have  several  times  noticed  that  when  they  are  completely  dis- 
solved, while  but  a  trace  of  nickel  is  found,  a  notable  quantity 
of  cobalt  manifests  its  presence. 

These  are  the  prominent  points  that  I  wish  to  call  attention 
to  at  this  time  as  regards  these  concretions.  The  question  natur- 
ally arises,  do  they  in  any  way  serve  to  indicate  the  manner  in 
which  the  original  masses  were  formed?  While  it  is  impossible 
from  what  we  yet  know  to  clear  up  this  question,  I  am  more  and 
more  confirmed  in  the  belief  that  the  iron  was  at  one  time  in  a 
plastic  state  from  the  efiTect  of  heat.  Some  may  think  otherwise 
from  the  fact  that  petroleum  ether  dissolves  sulphur  and  sulphur- 
carbon  compounds  from  the  concretions  in  the  iron.  But  the 
fact  is  that  my  observations  and  experiments  on  cast  iron  show 
that  this  objection  has  no  weight.  As  by  a  proper  treatment  I 
dissolved  crystals  from  most  cast  iron  by  the  agency  of  ether  or 
petroleum  ether — ^a  note  of  which  fiict  I  have  already  publidj 
announced — my  experiments  on  this  point  are  both  clear  and 
convincing,  although  I  have  not  yet  completed  them.  So  fiir  as 
they  have  gone  they  were  shown  experimentally  to  M.  Berthelot 
and  others,  and  if  my  health  permits  I  shall  complete  them  before 
many  months. 
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Date  of  Fall. 


LOCALITY. 


41  1803.  April 
74  186.i.  Auk. 
42,1814,  Sept. 
43  182.\  Dec 

158,183.%  Aug. 
7:*il84-»,June 
4r)18<>4,   .   .   . 

131 1 1  HOT),  Mar. 

157  1822,  Nov. 

IM  183H.  April 

180  1803.  Oit. 

46  1855.  May 

47  1843,  Mar. 

48  1790.  July 
601852,  Dec. 
4ft  1811,  July 

165  1819,  Oct. 

72  1866.  April 
13:i  184.S.  May 
135  18.«.  Ort. 

61  1810,  Nov. 

621841,  Juue 

53  1812.  Aug. 

43  18:»8,  Dec. 
134  1M34,  June 

55  1W9.  (Vt. 
167  186'>,  May 

182  186.5.  Mar. 

183  1866.  Dec. 
85  ISJ^,  June 

212  1877,  Jan. 

150  1815,  Feb. 
3051853.   .   .   . 
186  1863,  Aug. 

1711827,  May 

581868,  Mar. 
91  1868,  Nov  , 
fiO  1860.  July 
2941812.  April 
127  14«.>2.  Nov. 
287,1879,  May 

287  1879  May 


59 1829,  May 


26L'Algle,  France 90 

25  A un'iale,  Senhadga,  Algiers 18 

5' A  gen,  Dep.  Lot  et  Garonne,  France   .  .  9,  5.  1 .  .  .  . 

9,Aussun,  Canton  Monlrejeau.  France  .  .  HO,  45  ...  . 

4  Aids  worth.  Cirencester,  England  ....  9 

4Aumer8,  Lozere,  France 3,2 

.  AtMcama.  JanRcera  Pass,  South  America  17,  3,  3 . .  .  . 

IsIaIbIb,  Card,  France 4H,  8  .  .  .  . 

30  Allahabad,  Futhepore,  Indies 32, 25  ...  . 

iKAkburpore,  Saharampur,  Indies  .  ...  7 

8  Apt,  Vaucluse,  France  . 128  ^  ...  . 

13  Bremevorde,  Hanover      6 

25B!Khnpville.S.C.,  United  States.  ...  48 

24  Karbotan,  Landes,  France 10 

2  Rustee.  Indies H.  2.  8^,  H  . 

8  Rerlangellns.  Burgos;  Spain 2 

3  Cham' gny.  Haute  Marne,  France    ...  4 

8  rarnava.  East  Indies 30,  32  ...  . 

20CHstine,  Maine.  United  States small  pieces 

13  Cold  Bokeveld,  Cape  Good  Hope,  Africa  6,  3,  3, 1,  >4 

2;Char»tonville,  Loiret,  France 81,  4,  " 

12  Chateau  lieiiard.  France 50 

5  Chiintonny,  Vendee,  France 44 

9Charrac  (see  Anssnn) , 

12 Charvellan,  Delphi,  indies 

81  Cabiirras  County,  N.  C.,  United  States. , 

4  Cleguric,  Brittany.  France 41,  365 

24  Claywater.  Vernon  Co..  Wis  .  U.  8. .  .  .  23,  37, 50, 101,28 

6  Cangas  di  On  is.  Santa  nder.  Spain  ....  12 

14  Chester  County  (see  Richmond)  .  . 


Weight  of 
Specimens. 
Grammes. 


.1. 


23Cynthfana,  Kentucky,  United  States  .  . 

18  Dnrala,  Indies 

.  I Duruma.  Africa 

11  Dacca,  Bengal,  Indies 

9  Drake  Creek,  Tennessee,  United  States  . 

9  Daniel's  Knhl.  South  Africa 

.  I  Dajiville,  Alabama,  United  States  .  .  . 

14  Duhrm.'^ala,  Panjub,  Indies 

15Err.leben 

7  Knsesheim,  Haut  Rhin.  France 

10  Kstherville  (see  Emmet  County)  .... 

lOEmmetCounty,  Iowa,  United  States  .  . 

.  Emmet  Ck)unty,  iron  nodules 

.  lEmmet  ('o.,  a  number  Pmaller  nodules 

8  Forsyth,  Monroe  Cou^t3^  Ga.,  U.  S. 
.  6MUttepor(8ce  Allahabad)    .... 


f8175.M0,447^ 
-^7,7.  5,5,4,4  V 

(2.  I.  I,  1  .  .J 
28,20 


K. 


(1222,102,50) 

1 25, 50  ... ; 

22 

84.6,16  .  .   .   . 
4 


3,9'. 


560,  45.  596,  ( 

805.1085.  .  ( 

45  to  18  .  .  .   . 


4,1 


sev'l  small  pea 
sev'l  bmall  pci 


in  sev  sm'U  pci 


Remarks. 


several  pieces 


small  fragm'ti 


two  fragments 


»  This  collection  of  meteorites  was  purchased  by  Harvard  University  a  few 
days  before  Prof.  Smith's  death. — Ed. 
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92 
27 
66 
93 

184 

270 

185 


283 

267 
65 


Date  of  Fall 


1868,  Dec      9 


1825,  Sept. 
185»,  Mar. 


1869,  Jan.      1 


1875,  Feb.    12 


1821,  June 
1873,  Sept. 
^  lH66.Jiiiie 
186;  1857,  April 

279 

292 

66  1847,  Feb. 

67  1839,  Feb. 

137  1808,  Sept. 
78  18l:{,  Sept. 
8»  1862.  Oct. 

124  176S  Nov. 

138  1836,  Nov. 
6>  I'^Si.  Sept. 

152  1863.  Dec. 
86  1842,  April 
208 
283 
804 
269 
188 


90 

83 

20tl 

189 

81 

278 

8a 

279 
'81 
67 

70 

118 
291 

85 
28^ 
210 

71 

82 
112 

94 

96 
138 
89 
81 
170 
153 
261 
280 
284 
151 
115 
140 


1882.  .  . 
1868,  Dec. 
1874,  May 

1£60,  May 


1825,  Feb.  10 


1864,  May 
1868,  Jan. 


18 .5,  Aug. 
1826.  .  .  , 
1857,  Feb. 
1839,  Feb. 


1860,  Jan.  80 
1819,  Oct.  13 


1828.  June 
IH'M,  Jhii. 
1876.  Dec. 
1818.  Aug. 
1808,  May 
18(V2.   .  .  . 
1798,  Mar. 
1866.  May 
1853,  Mar. 
1818.  June 
1850.  Nov. 
1869,  Oct 
1871.  June 
1866,  Sept. 
1817.  :  .   . 


1794.  ..  . 
1867,  June 
1810,  Aug. 
18.\3,  July 


LOCALITY. 


Frankfort.  Alabama,  United  Slates.  . 

Goalpani,  Indies 

Honolulu,  Owyhee, Sandwich  Islands 
Harrison  Couniy,  Ind.,  United  States 

Hessle,  near  Upsala,  Sweden 

Itung,  Indies 


Iowa  County,  Iowa,  United  Sutes  .  . 

Iowa  (Ward),  Iowa.  United  SUtes  .  . 

Juveniis,  France 

Kahipur,  ln<1ie» 

Kiiyahiiiya,  Hungary 

Kaba,  Debreeziu,  Hungary 

Kauowa 

Kulessohowica 

Linn  County,  Iowa,  United  States  .  . 

Little  Pi ney  (see  Pine  BlulT) 

Lis.<^  Munzlaii.  Bohemia 

Limerick.  Adair,  Ireland 

Mi  now.  New  Strelitz,  Germany .... 

Mauerkirchen,  Austria 

Maccayo.  Brazil 

Mezo.  Maderas.  Siebenburg,  Austria  . 

Manbhonn,  liengai,  Indies 

Milena,  Croatia 

Maiiza 

Mainz 

Moes,  Transylvania 

Moteck,  Nugla,  Indies 

Nash  County.  N.  C,  United  States .  . 

New  Concord,  Ohio,  United  States  . . 

Newton  County,  Ark.,  United  Slates  . 
N'anjimoy,  Maiyland,  United  Slates  . 

Nell<»re  (see  Yatoor) 

Orguell,  Tarn  and  Garonne,  France  . 

Ornans  Daub,  France 

Ohaba . .  ' 

Peter>burg.  Tennessee,  United  States 

I'aulowgnid.  Russia 

l*Hriiallee,  Madras.  Indies 

Pine  Bluff,  Missouri,  United  States  .  . 

Pultusk,  Poland 


5:i'i,  66,  28 . 
I 


h'':'' : : : 

91.  46,  4,  4.  2. 


Politz.  near  Glra,  Germany 

I'ama 

Richmond,  Virginia,  United  States .  .  . 

Kinazzo.  Italy 

Rochester,  Indiana,  United  States.  .  .  . 

Slubodka,  Russia 

SiHnnern,  Iglau.  Moravia. 

Sierra  de  Chaco,  South  America  .  .  .  . 

Sales,  Rhone.  France 

Saint  Mesmin,  Aiibe.  France 

Segowlfe.  B(>ngal,  Indies 

Seres,  Macedonia,  Turkey 

Shalka,  Bancoorah,  Indies 

Stewart  County  Georgia,  United  States. 
Hearsmont,  Mntne.  United  States.  .  .  . 

Sanguis  St  Etienne,  Franoc 

Soke  Bunia,  Belgrave,  Servla 

SItchchall 

Siena,  Italy 

Tadjira.  Setif.  Algiers 

TIpperarv.  Ireland 

Tahnr.  Plan  Stakow,  Rnhomia 


Weight  of 
Specimens. 
Grammes. 


107,  21,  3 
4H.  .  .  . 


38 

8; 

6:),  55. 38,  3 


f  nOOMMlBj 
l;«\  138.  7  . 
8K5.276,-2>CM, 
171.5,  1678  . 

4:J,  12  ...   . 

2H.10  .   .  .   . 


202 


18. 


8    .   . 
77.7. 


U. 


10 
l,3S 

8 

211,30,10,11,20, 
f230aO,.V»9.\63> 

1300 ; 

ia\  »,  6. 1 .  .  . 
••,1 


18,  1-2,33,  1.  etc 

1 


31. 


U.  .  .  . 
l::7  .  .  . 
277,  90,  8 


{110  .57.41, -W.i 
77.:«..iU,lO,^ 
6,  !0,  8    .   .  J 


^ 


V": 


IH",  31, 


15. 


115  .  . 
21.  10  . 
3  .  .  . 
46,  6  4 
21,  10  . 
6  .  .  . 
1H6,  62  . 
16. 


6,>i. 


31. 
7  . 
14. 


2" 


RClfA.B 


f  Ssmall  pieces 
1  ci>iii|«.  94«>tiea. 

faiid  MjrerHl 
]  aniHll    |*kr<ea» 
1  3  imaiiiraes 
{  aii't  lesoKw 
•«everai  picixi. 


small  |»ieoes 


a  small  ]iieoe. 


5  small  pie  ea 


and  fra;$incttL 


fFagmenta. 


pr«  of  1  grm. 
('nigmenta. 
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609 


205 
281 
190 


97 
SOS 

209 

63 

191 

98 
99 


Date  of  Fall. 


1864.  Dec.  7 
1843/juiie*  2 
1881,'May  "  13 


1877,  Jan.      3 

1795,  Dee.    13 
187*.  .  .  . 


1807,  Dec.    14 
1852,  Jan.    23 


LOCAUTY. 


Timecben,  Smolensk,  Basaia 

Tourinne.  Belgium 

Tiesohetz.  Moravia 

Utrecht,  HoUand . 


Udipl  (see  Canavra) .  .  .  . 
VoulUe,  Vlenne,  France . 
Veramin,  Persia 


Warren  Ck>unt7,  Mo.,  United  States 

Wold  Cottage,  Yorkshire,  England  . 

Waconda,  Kansas,  United  States  .  . 

WestoD,  Connecticut,  United  States 
Yatoor,  Mellore,  Indies 


Weight  of 
Specimens. 
Grammes. 


22,8. 
9   .  . 


113 
12. 


6^. 

,j  1917,375,522,1 
I  (^352,  52  .  .   .  J 

1147,15,20,17 
164,  35  ...   . 


2| 


Rkmabkb. 


andanumb'r 
of  p'ces  from 
5  to  10. 


fa  number  of 
-(small  pieces 
(from  10  to  12. 


2  little  pieces. 


IRONS. 


298<1880. 

41840. 

31866. 
277.1858  . 
274!  1805. 

21853. 
79.1848  . 
141 1 1871  . 
159,1866  . 
271  ..  . 
125J1816  . 

7,1844  . 

3,1866. 
12311861 . 


J 


129 1874,  July    14 

6; 

109,1864.  .  .  . 
I72!l846.  .  .  . 
192  1822.  .  .  . 
1641829.  .  .  . 

194|l876.  .  .  . 

82.1868.  .  .  . 

91866.  .  .  , 

173  1849.  .  .  . 

174  1818.  .  .  , 
81827.  ..  . 


2901850. 
282  1828  . 
3061873. 


6|. 


101805.  .  .  . 

Ii;i853.  .  .  . 
100:i840.  .  .  . 
11861.  .  .  . 
179  18.38,  Aug. 
204!l852.  .  .  . 
179,1835,  Aug. 

12  1856  . 

131863. 
262 
265 

14 

56 


1866. 


15. 


Australia 90 . 

Anra 191,142.94. 

Aeriotopos  (nee  Bear  Creek) 40  . 

Atacama,  Bolivia,  South  America 

Agram  (seen  to  fall) 

Atacama,  Bolivia,  South  America 

Ains  (Sonora)  Mexico 

Augusta  County,  Virginia,  United  States 
liarranca,  Bjanca,  Chili,  South  America 

Bittburg,  Prussia 

Bemdigo  (Bahia)  Brazil,  South  America 

Babb's  Mill,  Qreene  County,  Tenn.,  U.S. 

Bear  Creek,  Colorado,  United  States  .  . 
Breitenbach,  Bohemia 


Braunau  (seen  to  fall),  Bohemia .  . 

Benanza,  Mexico 

Buckeberge,  OldenbuTK,  Germany . 
Burlington,  (see  Otsego),  N.Y..  U.  S. 

Brahin,  Miask,  Russia 

Bohumlitz,  Bohemia 


186, 165  ...  . 

17,26 

2660,226,25  .   . 

17 

152 

15 

(2226. 115, 65,) 
126,35,39,795/ 

^ 

tio.w, i2*, 20'.  '. 

(31,31,81,14,) 

tV;:::^ 

■  26, 227,  l(jb  . 


Bates  Ck>unty,  Mo.,  United  States   .  .  . 

Colorado  (see  Kussel  Gulch),  U.  S. .  .  . 
Coahuila  (Butcher  specimens),  Mexico 

Carthage  (see  Smith  County) 

Cambria  (see  Lockport) 

Coahuila,  Santa  Rosa,  Mexico 

Casey  County,  Kentucky,  United  States 

Conception  Hacienda,  Mexico 

Caille 

Chulaflnee 

C^atarina,  St.,  Brazil,  South  America  .  . 

Charcas,  Mexico 

(■ampbell  County,  Tenn.,  United  States 

Cocke  County 

Cran bourne,  Australia 


Charlotte  (see  Dickson  County) 

Cranberry  Plains,  Poplar  Hill,  Va.,  U.S. 
Dickson  Co.,  Tenn.  (seen  to  fall),  U.  S.  . 

Den  ton,  Texas,  United  SUtes 

Dacotah.  United  States 

Dewell  Hill,  North  Carolina,  U.  S. .  .  . 

Durango,  Mexico 

DeKalb  County,  Tenn.,  United  States.  . 
Deesa,  Chili,  South  America 


(7680.  1190,   ) 
11460,270,380/ 


2.  2,  2  .   .   .   . 
106,46,65,22,68 

1,3 

315 


56. 
925,  75  . 
14,37  . 


28. 
12750 
27,   . 


16,  7,  8,  7,  8  .  . 
1975. 175, 205.  65 
49,3 


80 

225,  22  .  .   .   . 

33 

1250, 14,  287  . 
13 


r  with  MMk  or  Iron 
•{  !•  middto  of  ood. 
(  ni«  of  irolllu. 

-I  from  320  kilos 
I  (7001b6}down 
to  small  pes. 
I  See  end  of 
t  catalogue. 


other  pieces. 


Oust  180,  28a 


every  pee  with 
outer  coating. 


39 
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If 


75 
18 

7 

196 

180 
19 
79 
20 

196 
21 
22 

174 

175 

176 

15 
16 

297 
17 
24 

266 

208 

25 
27 
26 
207 


Date  of  Fall 


1811  . 
1866. 
1845. 

1862. 

1856. 
1845. 
1849. 
1866. 
184G. 
1772. 
1814. 

1818. 
1840. 
1847. 
1854. 
1860. 


1860. 
1856. 


1870. 


1850. 
1857. 


1850 

1839. 

1860. 


1870. 


29 
28 
30 

110 

311850. 

82  1868  . 

8511751  . 

33  1808. 
176,1847. 
272  .  .  . 
1981  .  .  . 

199  1854  . 

200  1768. 
1751840. 
106  1845  . 

38;  1814  . 
142  1870  . 

371850  . 
108l  .  .  . 

W1850. 

39;  1847. 

40,1850  . 

4  1840. 

1751840. 

77.1751  . 

173,1846. 

144!  1869  . 
163  1784  . 
79  1850  . 

10l|l853  . 

102,1840  . 

201  1783  . 

202  1861  . 
HI  1858  . 
168  1862  . 


Elbogen,  Bohemia [147, 28 

Franklin  County,  Kentucky,  U.  8. .  .  .  |7260,  3 

Qreene  County  (bee  Babb's  Mill) .  .  .  .  ' 

Howard  County,  Indiana,  U.  8 l{i?4W^} 

Hainholtz,  Westphalia,  Gennany.  .  .  .  I96,  90,  ^09*.  .  . 

Hominy  i  reek.  North  Carolina,  U.  S.    .  |104 

Irwin,  Smlthsomln  (aee  Alnsa) ' I 

Jewell  Hill,  Madison  Co.,  N.  C,  U.  S..  .  il07, 19, 11, 1 .  .  ' 

Jackson  County,  Tennessee,  U.  S  . .  .  .  1 I 

Krasnojaisk  (Pallas),  Siberia 64 , 

Lenarto,  Hungary '41,  50 | 

Lockport,  New  York,  United  States      .  |460,  two  .  .  .  .  j 
Livingston  County  (see  Smithland).  .  . 
Murfreesboro,  Tennessee,  United  States 


LOCAUTY. 


la? 

Weight  of     ,^g 

Specimens,    l^g*!      Rkmaaks. 

Orammes.     I  n  ^  I 


7  I  r  found  in  dl^ 

1  \  s^S  A  ditch. 


Madoc,  St.  Lorenzstrom,  Canada  . 
Marshall  County,  Kentucky,  U.  S. 
Myelenes,  Atacama,  Bolivia  .  .  . 
Nelson  County,  Kentucky,  U.  8. 


(1880.1540,89,) 
I  76.  38, 118  .  i 


81,  60. 55 .  .  . 
180, 185,  90.  . 


200  . 
31  .  . 
3,134 


834 

177,2260'. 
335,145.1330,501 
J  465,  185,  11, 
1  46,  88,  80 
446   ...  . 
148, 1620 


Nebraska,  United  States '35,  28 

NedagalU,  India 20 . 

Ovifak,  Greenland 

Oldham  Cbunty,  Kentucky,  U.  8 

Orange  River,  Africa 

Octibbeha  County,  Mlsaissippi,  U.  8. .  . 

Obemkerchen 

/  Paff  Aberg  (see  Greenland  Irons  at ) 

\      end  of  catalogue) j 

rittsburgh,  Pennsylvania,  U.  8 

Putnam  County,  Georgia,  United  States 
Robertson  County.  Tennessee,  U.  S.  .  . 

Rockingham,  North  Carolina,  U.  8  .  .  . 

Rufifs  Mountain,  South  Carolina.  U.  8. 
Russell  Gulch,  Colorado,  United  States 
Rlttersprun  (Stelnback),  Saxony  .  .  .  .  !38,  13,  5  . 
Red  River,  Texas,  United  States  ....  22  ...  . 

Rutherford  County  (see  Murfreesboro) 

Rowton,  Shropshire,  England 18   .... 

Stantize 15   ...  . 

Sarepta,  Russia 445   .  .  . 

Senegal,  Africa l23  .  .  .  . 

Smithland,  Kentucky,  United  States .  .  il325  .  .  . 
Sevier  County,  Tennessee,  United  States  1 7710  .  .  . 
Scriba,  New  York,  United  States ....  485   ..  . 

San  Gregorio,  Mexico 110,8,8,2. 

Schwetz.  Prussia |31 .  .  .  . 

St.  Louis,  Soc.  Nat.  History,  Missouri.  .  ,18, 29  .  . 
Seneca  Falls,  New  York,  United  States.  ,10  .  .  .  . 

Scelasgen.  Prussia 250,  710  . 

Salt  River,  Kentucky,  United  States  .  .  |304   .  .  . 

Szlanicza  (see  Arva) 

Smithland,  Tennessee,  United  States.  .  455, 180,  190 
Steinbach  (see  Rittersgrun) .... 


^11 


Smith  County,  Carthage,  Tenn.,  U.  8  .  . 

Trenton  (see  Wisconsin) 

Toluca,  Mexico 

Tucson  (see  Alnsa) 

Tazewell,  Claiborne  Co.,  Tenn.,U.  8  .  . 

Tarapaca.  Hemalga,  Chill 

Tocuman,  Rio  de  la  Plata,  8.  America  . 

Upernavick,  Greenland 

Union  County,  Georgia,  United  States  . 
Victoria  W.  Africa 


(1880,161.121, 
^  63,  9,  86.  65, 
(585,48,940 


-} 


18369,790,90. 


(380,155,105,1 
1  47,  31  ...  J 


148,  62  . 
20.  .   . 


25.   .  . 
142,  48  . 


see  Greeiil*iid 
L  specimeofi. 


seen  tofaH 
not  good. 


seT.  other  pes. 


In  small  pciL 
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I" 


103 
104 


144 


Date  of  Fall. 


1858. 
1832. 


211  ..  . 
268l  .  .  . 
16:^1 1784. 
ia^l782. 


LOCALITY. 


Weljfht  of 
Specimens. 
Grammes. 


8l 


Wayne  County,  Ohio,  United  States  .  .  '4,  3  .  .  .  . 
Walker  County,  Alabama.  United  States  128.  32.  1900 

'  (1042,367,92, 
Wisconsin,  near  Milwaukee,  U.S..  .  .   -{  72, 60, 32. 16, 

.(.865 
Walker  Co.  nodule  from  interior  of  x 
Whitfield  County,  Georgia,  U.  S  .  . 

San  Francera,  Mexico 153. 

Xlquipilco  (see  Toluca) 1  .  .  .  . 

Zacatecas 1143, 138 


=} 


,200,  63,  86  . 


Rbmabks. 


Total  weight  of  irons 896,857  grammes 

Total  weight  of  stones 86,328 


982,685 


Some  Notes  in  Regard  to  Specimens. — The  heading  of  this  catalogue  will 
explain  itself.  Every  stony  meteorite  has  its  number  marked  in  oil  paint.  The 
iron  specimens  are  marked  with  numbers,  stamped  on  the  specimen,  many  of  them 
being  cut  and  polished.  The  number  and  variety  of  specimens  could  be  very  much 
increased  by  the  very  large  number  of  fine  duplicates  and  rare  specimens.  Among 
the  smaller  unique  specimens,  of  which  the  original  were  single  and  very  small,  are 
Claywater^  Frankfort,  Harrison  County,  Nash  County,  Rochester,  Warren  County. 
This  last  is  very  rare,  and  a  remarkably  thick  crust,  it  is  almost  pure  olivine,  and 
one  specimen  has  fibers  upon  it  of  the  tree  it  struck.  Large  but  unique  specimens 
are  Oynthiuna,  Drake  County,  New  Concord,  one  specimen  of  which  is  perfect, 
weighing  forty-five  pounds. 

Iowa  County. — A  number  of  fine  and  large  specimens  complete. 

The  large  and  unique  irons  are  represented  by  the  principal  part  of  Bahb's 
Mills,  Bates  County,  Casey  County,  Cocke  County,  Sevier,  Franklin  County,  Mur- 
freesboro,  Robertson  Cou7ity,  Smithland,  Carthage  County,  Wisconsin,  Dickson 
County,  This  last  is  almost  the  entire  specimen  and  the  rarest  of  meteoric  speci- 
mens. This  iron  was  seen  to  fall,  and  it  is  of  a  very  fine,  bright  surface,  with  pol- 
ished surfaces  that  do  not  rust. 

Coahuila. — There  are  three  very  fine  complete  specimens  and  others ;  the  three 
complete  ones  weigh  about  700,  550,  and  350  pounds,  respectively,  the  largest  being 
the  third  heaviest  meteorite  in  the  United  States.  These  meteorites  being  remark- 
able as  the  only  ones  containing  the  rare  and  beautiful  mineral  daubreelite,  this 
mineral  forming  part  of  the  troilite  nodules.  It  is  also  the  only  meteoric  iron  in 
which  a  nodule  or  chromite  has  been  found.  There  are  four  specimens  of  the  same 
weighing  from  fifty  to  twenty-five  pounds,  with  polished  surface  of  one  square  foot, 
and  a  larger  surface  of  exterior  coating  the  encls  of  the  specimen.  There  are  also 
some  small  specimens  of  about  one  kilogramme  beautifully  polished.  The  Orgueil 
and  other  specimens  are  only  second  in  size  and  beauty  to  those  found  in  other 
cabinets.  The  nodule  in  the  Walker  County  meteorite  is  unique,  and  weighs  about 
one  hundred  grammes,  with  exterior  coating  as  perfect  as  that  of  the  large  mass  of 
iron  in  which  it  was  found.  The  specimens  of  Braunau  iron  are  only  exceeded  by 
those  to  be  found  in  three  or  four  cabinets,  and  the  Agram  specimen  is  fine. 
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List  of  scientific  papers  published  by  Dr.  J.  Lawrence  Smith, 
arranged  in  chronological  order,  with  references  to  the  place  of 
publication :  * 

1.  Chromate  of  Potassa — a  re-agent  for  distinguishing  between  the  galta 
of  Baryta  and  Strontia.    SiU.  Joum.,  xxxvi,  1839,  pp.  183,  184. 

2.  A  new  method  of  making  permanent  artificial  magnets  by  galvan- 
ism.    Sill.  Journ.,  xxxvi,  1889,  pp.  386-837. 

3.  On  the  means  of  detecting  arsenic  in  the  animal  body,  and  of  counter- 
acting its  effects.  Sill.  Journ.,  xl,  1841,  pp.  278-293;  xlii,  1842,  pp.  75-81; 
Sturgeon's  Ann.  Electr.,  vii,  1841,  pp.  66-77. 

4.  The  composition  and  products  of  distillation  of  spermaceti,  with 
some  few  remarks  upon  its  oxidation  by  nitric  acid.  Sill.  Joum.,  xliii, 
1842,  pp.  301-321;  Annales  de  Chimie,  vi,  1842,  pp.  40-62;  Joum.  de 
Pharm.,  ii,  1842,  pp.  169-179;  Liebig  Annal.,  xlii,  1842,  pp.  241-264;  Mi- 
jocchi  Ann.  Fis.  Ohim.,  x,  1848,  pp.  18-82.  Sturgeon's  Ann.  Electr.,  x,  1843, 
pp.  28-44. 

6.  A  short  notice  of  the  action  of  potash  upon  cholesterine.  Sill.  Journ^ 
xliv,  1843,  pp.  60-63. 

t  *  6.  A  review  of  the  researches  upon  the  dilatation  of  gases  by  M.  V. 
Regnault.     Amer.  Journ.  Sci.,  xliv,  1843,  pp.  68-69. 

7.  A  new  instrument  for  estimating  the  quantity  of  carbonate  of  lime 
present  in  calcareous  substances.    Sill.  Journ.,  xlv,  1848,  pp.  262-266. 

8.  On  the  method  of  Drs.  Varrentrapp  and  Will  for  estimating  nitrogen 
in  organic  compounds.  Sill.  Journ.,  xlv,  1843,  pp.  267-269 ;  Sturgeon's  Ann. 
Blectr.,  xi,  1843,  pp.  22-28. 

9.  Action  of  some  of  the  alkaline  salts  upon  the  sulphate  of  lead.  Sill. 
Journ.,  Ixvii,  1844,  pp.  81-84. 

10.  Actions  of  solutions  of  the  neutral  phosphates  of  the  alkalies  upon 
the  carbonates  of  lime  and  some  other  insoluble  carbonates.  Source  of 
fluorine  in  fossil  bones.     Composition  of  the  marl  from  Ashley  River,  South 

<'I  am  indebled  to  Prof.  B.  Silllman  for  having  this  list  prepared.— Ed. 

t  Numerous  intercalations  have  necessitated  a  departure  from  the  numbering  in 
the  Royal  Society's  catalogue.  The  intercalated  papers  which  are  from  American 
sources  are  starred. 
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Carolina,  with  an  extract  from  a  letter  written  by  Prof.  Bailey,  of  West 
Point.  Existence  of  the  oxide  of  cobalt  in  South  Carolina.  Sill.  Journ., 
Ixviii,  1846,  pp.  97-104 ;  Bibl.  Univ.,  Ivii,  1846,  pp.  878-880. 

11.  A  few  remarks  on  the  hygienic  properties  of  ice,  with  an  account  of 
a  new  method  of  freezing  water  in  a  vacuum.  Charleston,  South  Carolina. 
Journ.  Med.,  i,  1846,  pp.  149-166. 

12.  Observations  on  the  more  recent  researches  concerning  the  opera- 
tions of  the  blast  furnace  in  the  manufacture  of  iron.  Sill.  Journ.,  i,  1846, 
pp.  170-178. 

18.  Freezing  of  water  by  the  air-pump  without  the  aid  of  sulphuric 
acid  or  any  other  desiccating  agent.     Sill.  Journ..  i,  1846,  pp.  265,  266. 

14.  Observations  on  the  more  recent  researches  in  the  manufacture  of 
iron.    Sill.  Journ.,  ii,  1846,  pp.  95-102. 

*16.  Oxide  of  cobalt  and  magnesian  opal.  1846.  "  Sci.  Researches"  by 
J.  Lawrence  Smith,  1873. 

16.  On  the  annular  eclipse  of  the  sun,  October,  1847.  Sill.  Journ.,  v, 
1848,  pp.  283-286. 

17.  Two  new  minerals — medjidite  (sulphate  of  uranium  and  lime),  lie- 
bigite  (carbonate  of  uranium  and  lime).  Sill.  Journ.,  v,  1848,  pp.  836-388; 
Liebig  Annal.,  Ixvi,  1848,  pp.  268-266. 

18.  Emery  formation  of  Asia  Minor.  Sill.  Journ.,  vii.  1849,  pp.  283- 
285. 

19.  Chrome  and  meerschaum  of  Asia  Minor.  Sill.  Journ.,  vii,  1849,  pp. 
285-287;  Ann.  Sci.  Disc,  1850,  pp.  266, 266 ;  1852,  p.  298. 

20.  A  list  of  the  minerals  associated  with  the  emery  of  Asia  Minor.  Sill. 
Journ.,  ix,  1860,  p.  289. 

21.  Memoir  on  emery:  Part  I — On  the  geology  and  mineralogy  of 
emery,  from  observations  made  in  Asia  Minor.  Sill.  Journ.,  x,  1850,  p. 
864-369;  Annal.  des  Mines,  xviii,  1860,  pp.  269-307;  Comptes  Rendus, 
xxxi,  1850,  pp.  48-60. 

22.  Notice  of  a  magnesian  opal  fVom  near  Harmanjick,  Asia  Minor. 
Amer.  Assoc.  Proc.,  vi,  1861,  p.  242. 

28.  On  the  geology  and  general  character  of  the  meerschaum  in 
the  plains  of  Eski-Shehi  (Asia  Minor).  Amer.  Assoc.  Proo.,  vi,  1851,  p. 
270. 

24.  On  the  geology  of  emery  and  corundum.  Amer.  Assoc.  Proc.,  vi, 
1851,  p.  274. 

25.  Causes  and  prevention  of  the  explosion  of  steam  boilers.  Journ. 
Franklin  Inst.,  xxi,  1851,  pp.  407-414. 

26.  Memoir  on  emery:  Part  II — On  the  minerals  associated  with  emery: 
corundum,  hydrargillite,  diaspore,  zinc-spinel,  pholerite,  ephesite  (a  new 
species),  emerylite  (a  new  species),  muscovite,  chloritoid  (a  new  variety), 
black  tourmaline,  chlorite,  magnetic  oxide  of  iron,  oligiste  iron,  hydrated 
oxide  of  iron,  iron  pyrites,  rutile,  ilmenite,  and  titaniferous  iron.  [I860.] 
Sill.  Journ.,  xi,  1851,  pp.  58-66.     Compt.  Rend.,  xxxi,  1860,  pp.  191-198. 

27.  Liebigite.     Sill.  Journ,  xi,  1861,  p.  259. 
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28.  On  Boine  of  the  thermal  waters  of  Asia  Minor.    Sill-  J  cum.  xii» 

1851,  pp.  10-16,  366-377;  Amer.  Assoc.  Proc,  vi,  1861,  pp.  260,  261;   Erdm. 
Journ.  Prakt.  Chem.,  Iv,  1852,  pp.  110-114. 

29.  The  inverted  microscope.  A  new  form  of  microscope,  with  a  de- 
scription of  a  new  eye-piece  hiicrometer,  and  a  new  form  of  goniometer  for 
measuring  the  angles  of  crystals  under  the  microscope.    Sill.  Joum.,  xiv. 

1852,  pp.  283-241.    Ann.  Sci.  Disc,  1862,  p.  148;  Amer.  Assoc.  Proc^  vi, 
1861,  pp.  76,  77. 

80.  "Warwickite.  A  horotantalite.  Amer.  Assoc.  Proo.,  1858,  vii.  pp. 
147,  148. 

81.  Danhurite.  A  silico-horate  of  lime.  Amer.  Assoc.  Proc,  1853,  vii. 
pp.  148,  149. 

32.  A  new  method  of  getting  rid  of  sal-ammoniac  in  analysis.  Sill. 
Journ.,  XV,  1868,  p.  94;  Ann.  Sci.  Disc,  1868,  pp.  261,  262. 

33.  New  and  ready  method  of  determining  the  alkalies  in  mineral: 
Part  I — Tlie  quantitative  determination  of  the  alkalies  in  the  siliceous  min- 
erals not  soluble  in  acids,  with  a  note  on  a  new  method  of  forming  the  pro- 
toxyd  of  nitrogen.  Sill  Journ.,  xv,  1853,  pp.  234-243;  Erdm.  Journ.  Prakt. 
Chem.,  lix,  1853,  pp.  169,  160;  Ann.  Sci.  Disc,  1864.  pp.  271-274. 

34.  New  and  ready  method  of  determining  alkalies  in  minerals:  Part  II 
— Conversion  of  the  hulphates  into  chlorides;  qualitative  determination  of 
the  mixed  alkalies ;  separation  of  the  alkaline  chlorides  from  each  other,  with 
a  more  direct  method  of  obtaining  them  from  silicates  not  soluble  in  acid-^. 
Sill.  Journ.,  xvi,  1853,  pp.  63-61 ;  Erdm.  Journ.  Prakt.  Chem.,  Ix,  18oS,  pp. 
244-247. 

36.  On  the  supposed  new  element,  thalia.     Sill.  Journ.,  xvi,  1853,  p.  95. 

36.  On  a  native  borotitanate.     Sill.  Journ.,  xvi,  1863,  pp.  293,  294. 

37.  Note  1 — Action  of  nitric  acid  on  the  chlorides  of  potassium  and 
sodium.  2 — Action  of  oxalic  acid  on  the  nitrates  and  chlorides  of  the  same, 
with  a  ready  method  of  converting  them  into  the  carbonates.  3 — The 
presence  of  oxalic  acid  enabling  zinc  to  decompose  w^ater.  Sill.  Joum., 
xvi,  1853,  pp.  373-375. 

38.  Ke-examinntion  of  American  minerals:  Part  IV — Boltonite,  iodidt^ 
of  silver,  c()piai)ita,  owenite,  xenotime,  lanthanite,  manganese  alum,  apopbyl- 
lite,  schreibersito,  protosulphuret  of  iron,  cuban.  Sill.  Journ.,  xviii,  1854, 
pp.  372-381;  Erdm.  Journ.  Prakt.  Chem.,  Ixiii,  1854,  pp.  465-462. 

39.  Ro-exaniination  of  American  minerals:  Part  V — The  minerals  of 
the  Wheatloy  mine  in  Pennsylvania:  Anglesite,  cerusito,  wulfenite,  vana- 
date of  lead,  ])yromorphite,  mimetene.  galena,  copper,  copper  pyrites,  ma- 
lachite, azurite,  blende,  calamine,  hematite,  fluor-spar,  calc-spar,  sulphur,  etc 
Amer.  Afsoc  Pn»c.,  ix.  1^555,  pp.  190-204 ;  Sill.  Journ.,  xx,  1855,  pp.  242-253 ; 
Erdm.  Journ.  Prakt.  Cliem,,  Ixvi,  1855,  pp.  432-437. 

*40.  Minerals  and  mineral  waters  of  Chile.  tJ.  S.  Astron.  Exped. 
(Gillis's  Keport  of),  ii,  1854,  pp.  85-107. 

41.  Memoir  on  meteorites.  Description  of  five  new  meteoric  irons,  with 
some  theoretical  considerations  on  the  origin  of  meteorites,  based  on  their 
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physical  and  chemical  characters.  Sill.  Journ.,  xix,  1866,  pp.  168-163,  822- 
842;  Erdm.  Journ.  Prakt  Chem.  Ixvi,  1855,  pp.  421-428, 

42.  Report  on  Dupont's  artesian  well  at  Louisville,  Ky.  Sill.  Journ., 
xxvii,  1859,  pp.  174-178. 

48.  Account  of  several  meteoric  stones  which  fell  in  Harrison  County, 
Indiana,  28th  March,  1859.    Sill.  Journ.,  xxviii,  1859,  pp.  409-411. 

44.  Description  of  three  new  meteoric  irons  from  Nelson  County,  Ky., 
Marshall  County,  Ky.,  and  Madison  County,  North  Carolina.  Sill.  Journ., 
XXX,  18G0.,  p.  240, 

46.  The  Guernsey  County  (Ohio)  meteorites.  A  complete  account  of 
the  phenomena  attending  their  fall,  with  a  chemical  analysis  of  them.  Sill. 
Journ.,  xxxi,  1861,  pp.  87-98.  « 

46.  Description  of  three  new  meteorites:  Lincoln  Coupty  meteoric 
stone,  which  fell  in  August,  1866;  Oldham  County  (Ky.)  meteoric  iron; 
Rohertson  County  (Tenn.)  meteoric  iron.  Silliman's  Journ.,  xxxi,  1861,  pp. 
264-266. 

47.  Smith,  J.  Lawrence,  and  G.  J.  Brush.  Be>examination  of  American 
minerals :  Part  I — Emerylite,  euphyllite,  Litchfield  mica,  unionite,  kerolite, 
bowenite,  williamsite,  lancasterite,  hydro-magnesite,  magnesite.  Sill.  Journ., 
XV,  1858,  pp.  207-215.  2 — Re-examination  of  American  minerals:  Parts  II 
and  III — Chesterlite,  loxoclase,  Danhury  feldspar,  Haddam  albite.  Green- 
wood mica,  hiotite,  margarodite,  chesterlite,  talc,  rhodophyllite,  cumming- 
tonite,  hydrous  anthophyllite,  monrolite,  ozarkite,  dysyntribite,  gibbsite, 
emerald  nickel,  danburite,  carrollite,  thalite,  hudsonite,  jenkinsite,  lazulite, 
kyanite,  elaeolite,  spodumene,  petalite.  Sill.  Journ.,  j^vi,  1853,  pp.  41-63, 
865-373;  Erdm.  Journ.  Prakt.  Chem.,  lix,  1853,  pp.  161-167,  274-282;  Ixi, 
1864,  pp.  172-179. 

48.  Chladnite  of  the  Bishopville  meteoric  stone  proved  to  be  a  magne- 
sian  pyroxene.     Amer.  Journ.  Sci.,*  xxxviii,  1864,  pp.  225, 226. 

49.  Analysis  of  a  new  meteoric  iron  trom  Wayne  County,  Ohio,  and 
some  remarks  on  the  recently-described  meteorite  from  Atacama,  Chili. 
Amer.  Journ.  Sci.,  xxxviii,  1864,  pp.  385-887. 

50.  A  new  meteorite  from  Newton  County,  Arkansas,  containing  on  its 
surface  carbonate  of  lime.     Amer.  Journ.  Sci.,  xl,  1865,  pp.  213-216. 

51.  On  the  use  of  the  bisulphate  of  soda  as  a  substitute  for  the  bisul- 
phate  of  potash  in  the  decomposition  of  minerals,  especially  the  aluminous 
minerals.     Amer.  Journ.  Sci.,  xl,  18^)5,  pp.  248,  249. 

52.  On  the  emery  mine  of  Chester,  Hampden  County,  Mass.,  with  re- 
marks on  the  nature  of  emery  and  its  associate  minerals.  Amer.  Journ. 
Sci.,  xlii,  1866,  pp.  83-98. 

53.  A  new  meteoric  iron,  the  "  Colorado  meteorite,"  from  Russel  Gulch, 
Gilpin  County,  near  Central  City,  Colorado  Territory.  Amer.  Journ.  Sci., 
xlii,  1866,  pp.  218,  219. 

*  The  change  of  mime  from  "  Silliman's  Journal  '•  to  "The  American  Journal  of 
Arts  and  Sciences,"  which  took  place  at  this  time,  is  followed  by  the  Royal  Society's 
Catalogue. 
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64.  Remarks  on  the  alkalies  contained  in  the  mineral  leucite.  Amer. 
Journ.  Sci.,  xlix,  1870,  pp.  336,  386. 
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193-195;  Amer.  Chemist,  ii,  1871,  p.  207. 
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oratory. Amer.  Assoc.  Proc,  xx,  1871,  pp.  195-197;  Annal.  Chem.  Pharm., 
clxiii,  1872,  pp.  191,  192;  Amer.  Chemist,  ii,  1876,  p.  207. 
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Iron  in  North  Mexico,  with  the  description  of  a  new  mass — the  San  Greg- 
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